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Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ: Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. 
 
ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ:  
ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ 340,20 ɦ3/c, 
ɛ) ɜɫɟɯ ɬɭɪɛɢɧ 223,20 ɦ3/c, 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɚɜɨɞɤɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 
0,1%, 2950,5 ɦ3/c, 
ɝ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,01%, 3244,9 
ɦ3/c. 
 
ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ:  
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ ɝɨɞɢɱɧɵɣ, 
ɛ) ɨɬɦɟɬɤɢ: ɇɉɍ 322 ɦ; ɍɆɈ 283 ɦ, 
ɜ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: ɩɨɥɧɵɣ 33,1 ɤɦ3; ɩɨɥɟɡɧɵɣ 21,5 ɤɦ3. 
 
ɇɚɩɨɪɵ Ƚɗɋ:  
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ 112,00 ɦ, 
ɛ) ɪɚɫɱɟɬɧɵɣ 98,50 ɦ, 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ 71,40 ɦ. 
 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
ɚ) ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 308 Ɇȼɬ; ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ 271 Ɇȼɬ, 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 2,72 ɦɥɪɞ.ɤȼɬ.ɱ., 
ɜ) ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 8640 ɱɚɫ. 
 
ɉɥɨɬɢɧɵ:  
ɚ) ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɛ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɝɥɭɯɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɜ) ɰɟɧɬɪɚɥɶɧɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɝɥɭɯɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɝ) ɫɬɚɧɰɢɨɧɧɚɹ ɪɭɫɥɨɜɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɞ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɝɥɭɯɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɟ) ɨɛɳɚɹ ɞɥɢɧɚ 700 ɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ 120 ɦ. 
 
ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ:  
ɚ) ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɩɨ ɬɢɩɭ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ ɫ ɧɨɫɤɚ 
ɬɪɚɦɩɥɢɧɚ, 
ɛ) ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ 2 ɨɬɜɟɪɫɬɢɹ, 
ɜ) ɨɛɳɚɹ ɞɥɢɧɚ 35 ɦ. 
Ɂɞɚɧɢɟ Ƚɗɋ:  
ɚ) ɬɢɩ ɡɞɚɧɢɹ ɩɪɢɩɥɨɬɢɧɧɨɟ; ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ 4, 
7 
 
ɛ) ɪɚɡɦɟɪ: ɨɛɳɚɹ ɞɥɢɧɚ 63 ɦ, ɲɢɪɢɧɚ 30 ɦ. 
 
Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ:  
ɚ) ɬɢɩ ɬɭɪɛɢɧɵ ɊɈ 115-ȼ-500, 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-640/170-24, 
ɜ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 250 ɨɛ/ɦɢɧ. 
 
Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ:  
ɚ) ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ 6,4 ɥɟɬ, 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ 0,05 ɤɨɩ/ɤȼɬ ɱ., 










































Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɬɪɚɫɥɟɣ 
ɫɨɜɪɟɦɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. ɇɚɲɚ ɫɬɪɚɧɚ ɨɛɥɚɞɚɟɬ ɨɝɪɨɦɧɵɦ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 
ɩɨɬɟɧɰɢɚɥɨɦ, ɨɞɧɚɤɨ ɫɬɟɩɟɧɶ ɟɝɨ ɨɫɜɨɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɞɪɭɝɢɯ 
ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ, ɩɪɢɱёɦ ɫɭɳɟɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɟɝɨ 
ɨɫɜɨɟɧɢɹ. ȼ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɞɥɹ ɰɟɧɬɪɚ ɯɚɪɚɤɬɟɪɧɚ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɨɫɜɨɟɧɢɹ 
ɝɢɞɪɨɪɟɫɭɪɫɨɜ ( 50%) , ɜ ɬɚɤɢɯ ɪɟɝɢɨɧɚɯ ɤɚɤ ɋɢɛɢɪɶ ɢ Ⱦɚɥɶɧɢɣ ȼɨɫɬɨɤ 
ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɟɤ ɨɫɜɨɟɧ ɧɚ 20% ɢ ɧɚ 3% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɨɷɬɨɦɭ ɷɬɨɦɭ ɜɨɩɪɨɫɭ ɫɥɟɞɭɟɬ ɭɞɟɥɹɬɶ ɩɪɢɫɬɚɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɢ ɪɚɡɜɢɜɚɬɶ ɷɬɭ 
ɨɬɪɚɫɥɶ ɫɨɜɪɟɦɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ.  
ɐɟɥɶɸ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɪɚɛɨɬɤɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢ ɡɚɤɪɟɩɥɟɧɢɟɦ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ, ɚ ɬɚɤɠɟ ɩɭɬɟɦ ɢɧɠɟɧɟɪɧɨɣ ɦɵɫɥɢ ɢ ɬɜɨɪɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ 





















1 ɋɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
1.1 Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɵɥɨ ɜɵɛɪɚɧɨ ɦɟɫɬɨ ɫɬɜɨɪɚ ɧɚ ɪɟɤɟ Ȼɨɥɶɲɨɣ ɉɚɬɨɦ, 
ɜɛɥɢɡɢ ɨɞɧɨɢɦɟɧɧɨɝɨ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ. Ȼɨɥɶɲɨɣ ɉɚɬɨɦ – ɷɬɨ ɩɪɚɜɵɣ  ɩɪɢɬɨɤ 
Ʌɟɧɵ, ɩɪɨɬɟɤɚɟɬ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ. 
Ⱦɥɢɧɚ ɪɟɤɢ Ȼɨɥɶɲɨɣ ɉɚɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 570 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ – 28,4 
ɬɵɫ. ɤɦ2. Ȼɟɪёɬ ɧɚɱɚɥɨ ɜ 100 ɤɦ ɤ ɫɟɜɟɪɭ ɨɬ ɝɨɪɨɞɚ Ȼɨɞɚɣɛɨ ɧɚ ɜɵɫɨɬɟ ɛɨɥɟɟ 842 
ɦɟɬɪɨɜ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨɪɹ. Ɍɟɱёɬ ɜ ɝɥɭɛɨɤɨɦ ɭɳɟɥɶɟ ɩɨ ɉɚɬɨɦɫɤɨɦɭ ɧɚɝɨɪɶɸ.  
Ʉɥɢɦɚɬ ɪɟɡɤɨɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɫ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɫɭɪɨɜɨɣ ɡɢɦɨɣ ɢ 
ɤɨɪɨɬɤɢɦ ɥɟɬɨɦ. Ʉɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ -55 ɞɨ +35. ɋɧɟɠɧɵɣ ɩɨɤɪɨɜ 
ɥɨɠɢɬɶɫɹ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ ɫɟɧɬɹɛɪɹ ɢ ɬɚɟɬ ɜ ɧɚɱɚɥɟ ɦɚɹ. Ƚɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ 
ɝɪɭɧɬɨɜ ɨɬ 1,5 ɞɨ 3 ɦ. ɍɪɨɜɟɧɶ ɜɨɞɵ ɜ ɪɟɤɚɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟɦ 
ɫɧɟɝɨɜɨɝɨ ɩɢɬɚɧɢɹ, ɞɨɫɬɢɝɚɟɬ ɫɚɦɨɝɨ ɜɵɫɨɤɨɝɨ ɩɨɞɴɟɦɚ ɜ ɜɟɫɟɧɧɢɣ ɩɟɪɢɨɞ 
(ɤɨɧɟɰ ɦɚɹ -ɧɚɱɚɥɨ ɢɸɧɹ). ɋɩɚɞ ɩɪɨɢɫɯɨɞɢɬ ɫɧɚɱɚɥɚ ɛɵɫɬɪɨ, ɚ ɡɚɬɟɦ ɩɨɞ 
ɜɥɢɹɧɢɟɦ ɞɨɠɞɟɜɨɝɨ ɫɬɨɤɚ ɡɚɦɟɞɥɹɟɬɫɹ. ȼ ɬɟɱɟɧɢɟ ɥɟɬɚ ɨɬɦɟɱɚɟɬɫɹ ɪɹɞ ɞɨɠɞɟɜɵɯ 
ɩɢɤɨɜ. Ɇɢɧɢɦɚɥɶɧɵɟ ɭɪɨɜɧɢ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɤɨɧɰɟ ɡɢɦɵ, ɩɟɪɟɞ ɜɫɤɪɵɬɢɟɦ.  
ɋɬɜɨɪ ɜɵɛɪɚɧ ɜ ɫɚɦɨɦ ɭɡɤɨɦ ɦɟɫɬɟ ɪɟɤɢ. Ⱦɥɢɧɚ ɫɬɜɨɪɚ ɧɚ ɨɬɦɟɬɤɟ ɇɉɍ 
ɫɨɫɬɚɜɥɹɟɬ 700 ɦ. ȼɵɛɪɚɧɧɵɣ ɫɬɜɨɪ ɹɜɥɹɟɬɫɹ ɧɟɫɢɦɦɟɬɪɢɱɧɵɦ: ɩɪɚɜɵɣ ɛɟɪɟɝ 
ɛɨɥɟɟ ɩɨɥɨɝɢɣ.  
ȼ ɦɟɫɬɟ ɫɬɜɨɪɚ ɩɪɟɨɛɥɚɞɚɸɬ ɫɤɚɥɶɧɵɟ ɝɪɭɧɬɵ – ɞɨɥɟɪɢɬɵ. Ɋɭɫɥɨɜɵɟ ɦɟɫɬɚ 
ɩɨɤɪɵɬɵ ɫɥɨɟɦ ɝɪɚɜɢɣɧɨ – ɩɟɫɱɚɧɨɝɨ ɝɪɭɧɬɚ ɦɨɳɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 5ɦ.  Ⱦɨɥɟɪɢɬ 
– ɤɪɭɩɧɨ ɢ ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɣ ɛɚɡɚɥɶɬ, ɨɛɥɚɞɚɸɳɢɣ ɞɨɥɟɪɢɬɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ. 
Ⱥɧɝɥɢɣɫɤɢɟ ɚɜɬɨɪɵ ɧɚɡɵɜɚɥɢ ɞɨɥɟɪɢɬɚɦɢ ɞɢɚɛɚɡɵ. Ⱦɨɥɟɪɢɬ ɢɦɟɟɬ 
ɜɭɥɤɚɧɢɱɟɫɤɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ, ɯɢɦɢɱɟɫɤɢ ɢ ɩɨ ɦɢɧɟɪɚɥɶɧɨɦɭ ɫɨɫɬɚɜɭ ɹɜɥɹɟɬɫɹ 












2 ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
2.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ 
 
2.1.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ȼ ɬɚɛɥɢɰɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧ ɢɫɯɨɞɧɵɣ ɪɚɫɱɟɬɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ 
ɧɚɛɥɸɞɟɧɢɣ ɪ. Ȼɨɥɶɲɨɣ ɉɚɬɨɦ ɜ ɫɬɜɨɪɟ ɉɚɬɨɦɫɤɨɣ  Ƚɗɋ  ɫ 1939ɝ. ɩɨ 1988ɝ. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɋɚɫɱɟɬɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ 
Ƚɨɞɵ V VI VII VIII IX X XI XII I II III IV 
1939 398 729 696 563 530 431 133 106 76 43 36 73 
1940 497 530 695 729 696 332 99 50 43 27 22 56 
1941 382 1 126 530 365 431 348 136 73 46 36 33 99 
1942 431 696 795 696 663 398 199 80 66 30 17 36 
1943 696 795 398 431 381 365 215 73 56 53 46 136 
1944 435 431 994 961 945 464 143 116 73 27 22 70 
1945 481 567 779 746 729 447 146 93 50 43 31 40 
1946 471 741 348 365 279 262 116 103 60 53 51 50 
1947 464 597 612 779 762 366 66 50 30 28 23 22 
1948 497 1 110 580 474 404 335 83 70 36 23 20 28 
1949 315 1 067 398 381 414 365 136 116 50 46 40 103 
1950 577 583 570 331 299 282 119 89 50 43 41 70 
1951 365 431 894 895 862 412 106 46 33 28 18 56 
1952 861 695 365 332 315 299 133 66 53 36 30 133 
1953 464 1 206 895 829 746 481 282 116 99 50 33 51 
1954 530 845 497 431 401 378 136 109 43 40 17 133 
1955 845 993 961 1 094 1 044 591 139 93 66 65 63 73 
1956 894 795 514 481 352 406 103 81 60 58 45 139 
1957 517 557 736 1 011 908 431 136 56 46 43 40 60 
1958 408 718 676 540 335 319 196 109 53 50 43 80 
1959 1 018 976 447 382 349 382 202 73 76 70 56 46 
1960 467 713 679 861 812 382 199 80 71 58 55 76 
1961 431 563 1 210 1 177 530 464 149 56 46 43 40 66 
1962 388 1 392 431 481 464 414 239 63 53 51 40 83 
1963 696 597 960 663 365 349 133 73 60 56 20 86 
1964 381 912 630 514 676 577 73 50 36 27 22 25 
1965 514 646 895 563 547 530 103 56 46 36 33 89 
1966 961 1 009 464 348 382 365 219 109 99 73 58 60 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
Ƚɨɞɵ V VI VII VIII IX X XI XII I II III IV 
1967 447 563 845 829 365 348 133 99 53 48 46 70 
1968 696 1 242 729 663 597 465 166 116 86 85 78 176 
1969 497 613 1 210 1 061 464 414 136 56 103 60 50 43 
1970 812 1 425 696 729 613 597 179 139 139 89 31 66 
1971 1 061 1 260 1 226 1 094 729 580 212 126 149 93 53 38 
1972 762 663 613 530 580 365 146 83 73 70 60 50 
1973 713 1 574 729 464 497 447 136 76 73 70 46 83 
1974 829 563 960 464 365 333 73 56 53 51 46 83 
1975 547 895 447 464 514 481 129 70 46 43 40 83 
1976 431 481 1 094 447 497 464 106 60 56 53 28 63 
1977 265 729 630 398 298 265 133 73 53 48 46 45 
1978 563 630 819 597 729 341 99 66 46 40 33 22 
1979 530 630 696 464 497 447 99 70 73 23 20 93 
1980 778 961 331 315 332 315 139 83 50 46 36 66 
1981 663 1 160 497 497 464 431 265 133 109 66 56 43 
1982 431 464 795 431 663 497 126 60 98 93 85 146 
1983 1 193 1 591 994 829 729 530 192 76 56 36 27 83 
1984 597 1 028 597 464 431 414 106 70 60 46 23 45 
1985 431 464 960 563 530 346 103 89 36 33 27 80 
1986 762 529 365 398 315 256 133 73 46 43 33 66 
1987 497 563 552 242 299 315 116 93 53 46 27 76 
1988 282 646 630 481 530 481 99 43 40 36 27 30 
 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ 
(ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). Ʉ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ 
ɤɨɬɨɪɵɯ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ (ɤ ɷɬɨɦɭ ɩɟɪɢɨɞɭ 
ɛɭɞɭɬ ɨɬɧɨɫɢɬɶɫɹ ɦɟɫɹɰɵ ɫ V ɩɨ X). Ɉɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ ɫɨɫɬɚɜɹɬ ɦɚɥɨɜɨɞɧɵɣ 
ɩɟɪɢɨɞ.  
Ɉɩɪɟɞɟɥɢɜ ɨɫɧɨɜɧɵɟ ɩɟɪɢɨɞɵ ɝɨɞɚ (ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ), ɧɟɨɛɯɨɞɢɦɨ 
ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɢɬɶ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɩɟɪɢɨɞ ɦɟɠɟɧɢ ɢ ɩɟɪɢɨɞ 
ɩɨɥɨɜɨɞɶɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ 













ɝɞɟ, ɬ – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ (ɫɪɟɞɧɟɜɨɞɧɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɢɯ ɡɚ ɡɢɦɧɢɣ ɫɟɡɨɧ), ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ; 
 ɩ – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦɢ 90% ɢ 50%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɇɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ 
ɜɵɛɪɚɬɶ ɝɨɞ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɧɚɱɟɧɢɸ, ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɨɦɭ ɤ 50% ɢ 90% 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɜɵɛɪɚɧɧɵɟ ɝɨɞɚ, ɫ 
ɪɚɧɠɢɪɨɜɚɧɧɵɦɢ ɝɨɞɚɦɢ ɢ ɪɚɫɯɨɞɚɦɢ ɜ ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɢ, ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 
ɞɨɥɠɧɚ ɫɨɜɩɚɞɚɬɶ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɚ ɤɨɪɪɟɤɬɢɪɨɜɤɚ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90% ɢɡ ɬɚɛɥɢɰɵ 2.2 ɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50% 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɵ ɛɭɞɭɬ ɜɟɫɬɢɫɶ ɩɨ 1950 ɢ ɩɨ 1982  ɝɨɞɚɦ, 
ɬ.ɤ. ɞɚɧɧɵɟ ɝɨɞɚ ɛɭɞɭɬ ɢɦɟɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ, ɬɨ ɟɫɬɶ 
ɷɬɢ ɝɨɞɚ ɬɪɟɛɭɸɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ.  
 
Ɍɚɛɥɢɰɚ 2.2 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
m ɪ,% Qrt, ɦ3/ɫ Ƚɨɞɵ Qɩi, ɦ3/ɫ Ƚɨɞɵ 
Qɦi, 
ɦ3/ɫ Ƚɨɞɵ 
1 2.0 552 1971 992 1971 118 1968 
2 3.9 528 1983 978 1983 112 1981 
3 5.9 502 1955 921 1955 112 1971 
4 7.8 460 1970 812 1970 107 1970 
5 9.8 438 1953 770 1953 105 1953 
6 11.8 425 1968 737 1973 103 1966 
7 13.7 409 1973 732 1968 101 1982 
8 15.7 398 1961 729 1961 97 1943 
9 17.6 392 1969 710 1969 90 1960 
10 19.6 390 1944 705 1944 89 1958 
11 21.6 378 1957 693 1957 88 1962 
12 23.5 371 1960 652 1960 87 1959 
13 25.5 365 1981 643 1951 83 1955 
14 27.5 346 1945 625 1945 82 1949 
15 29.4 346 1951 619 1981 81 1956 
16 31.4 346 1966 616 1965 81 1973 
17 33.3 342 1942 615 1964 80 1972 
18 35.3 342 1962 613 1942 80 1954 
19 37.3 340 1959 613 1978 78 1983 
20 39.2 338 1963 605 1963 78 1939 
21 41.2 338 1965 597 1947 75 1944 
22 43.1 333 1972 595 1962 75 1952 
23 45.1 332 1978 592 1959 75 1967 
24 47.1 327 1956 589 1984 75 1969 
25 49.0 327 1964 588 1966 72 1946 
26 51.0 324 1982 586 1974 71 1942 
27 52.9 323 1974 586 1972 71 1963 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.2 
m ɪ,% Qrt, ɦ3/ɫ Ƚɨɞɵ Qɩi, ɦ3/ɫ Ƚɨɞɵ 
Qɦi, 
ɦ3/ɫ Ƚɨɞɵ 
28 54.9 323 1984 580 1940 71 1941 
29 56.9 321 1967 574 1956 70 1980 
30 58.8 318 1939 569 1976 69 1978 
31 60.8 317 1947 567 1948 69 1975 
32 62.7 315 1940 566 1967 69 1987 
33 64.7 315 1976 558 1975 67 1945 
34 66.7 313 1975 558 1939 67 1961 
35 68.6 305 1948 549 1985 66 1977 
36 70.6 305 1985 547 1982 66 1986 
37 72.5 304 1943 544 1979 64 1957 
38 74.5 304 1979 530 1941 63 1979 
39 76.5 301 1941 514 1954 61 1985 
40 78.4 297 1954 511 1943 61 1976 
41 80.4 294 1958 508 1988 61 1965 
42 82.4 288 1980 505 1980 60 1974 
43 84.3 286 1949 499 1958 58 1984 
44 86.3 277 1988 490 1949 51 1950 
45 88.2 276 1952 478 1952 50 1940 
46 90.2 255 1950 440 1950 48 1951 
47 92.2 252 1986 438 1986 46 1988 
48 94.1 249 1977 431 1977 43 1948 
49 96.1 242 1946 411 1987 39 1964 
50 98.0 240 1987 411 1946 37 1947 
 
Ɂɚɬɟɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ 
ɩɨɥɨɜɨɞɶɸ: 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90%: 
1950: 
 ʙˏ = 𝑄ˏభవఱభ𝑄ˏభవఱబ = ସ଼ହଵ = Ͳ,ͻͶ                                                                               (2.2) 
 ʙ˒ = 𝑄˒భవఱబ𝑄˒భవఱబ = ସସ଴ସସ଴ = ͳ                                                                                   (2.3) 
 
1986: 
 ʙˏ = 𝑄ˏభవఴఴ𝑄ˏభవఴల = ସ଺଺଺ = Ͳ,͹Ͳ                                                                               (2.4) 




ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1950 ɝ. , ɬɚɤ ɤɚɤ ɨɧ 
ɛɥɢɠɟ ɜɫɟɝɨ ɤ ɟɞɟɧɢɰɟ 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50%: 
1982: 
 ʙˏ = 𝑄ˏభవరమ𝑄ˏభవఴమ = ଻ଵଵ଴ଵ = Ͳ,͹                                                                                (2.6) 
 ʙ˒ = 𝑄˒భవళర𝑄˒భవఴమ = ହ଼଺ହସ଻ = ͳ,Ͳ͹                                                                              (2.7) 
 
1974: 
 ʙˏ = 𝑄ˏభవలయ𝑄ˏభవళర = ଻ଵ଺଴ = ͳ,ͳͺ                                                                               (2.8) 
 ʙ˒ = 𝑄˒భవళమ𝑄˒భవళర = ହ଼଺଺ଵ଺ = Ͳ,ͻͻ                                                                              (2.9) 
 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1982 ɝɝ. 
ȼɵɛɪɚɜ ɨɤɨɧɱɚɬɟɥɶɧɨ ɪɚɫɱɟɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ ɝɨɞɨɜɨɣ ɫɬɨɤ, ɭɦɧɨɠɢɜ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɜɵɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (ɬɚɛɥ. 2.3, ɬɚɛɥ. 
2.4). 
 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (P=50%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ ɢ ɫ 
ɩɪɢɜɟɞɟɧɢɟɦ 
  Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ (1982) ɝɨɞ (Ɋ=50%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ ɢ ɫ ɩɪɢɜɟɞɟɧɢɟɦ 
Ɇɟɫɹɰɵ V VI VII VIII IX X XI XII I II III IV 
Q50%,ɦ3/ɫ 431 464 795 431 663 497 126 60 98 93 85 146 
Qɩɪ50%,ɦ3/ɫ 457 492 843 457 703 527 88 42 69 65 60 102 
 
Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱɟɬɧɵɣ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ (P=90%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ ɢ ɫ 
ɩɪɢɜɟɞɟɧɢɟɦ 
  Ɋɚɫɱɟɬɧɵɣ ɦɚɥɨɜɨɞɧɵɣ (1950) ɝɨɞ (Ɋ=90%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ ɢ ɫ ɩɪɢɜɟɞɟɧɢɟɦ 
Ɇɟɫɹɰɵ V VI VII VIII IX X XI XII I II III IV 
Q90%,ɦ3/ɫ 577 583 570 331 299 282 119 89 50 43 41 70 
Qɩɪ90%,ɦ3/ɫ 577 583 570 331 299 282 112 84 47 40 39 66 
 
2.1.2 ɉɪɢɜɟɞɟɧɢɟ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɪɚɫɯɨɞɨɜ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
 
ȼ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɢɦɟɟɦ ɪɚɫɯɨɞɵ ɦɟɧɶɲɢɟ, ɱɟɦ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: ɨɛɴɟɦ ɫɟɡɨɧɧɨɝɨ ɢ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ ɞɨɥɠɟɧ ɨɫɬɚɬɶɫɹ 
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ɧɟɢɡɦɟɧɧɵɦ ɞɨ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɩɨɫɥɟ ɧɟё. Ⱦɨɛɚɜɥɹɟɦ ɧɟɞɨɫɬɚɸɳɢɣ ɪɚɫɯɨɞ ɢɡ 
ɨɫɬɚɥɶɧɵɯ ɦɟɫɹɰɟɜ ɩɨɥɨɜɨɞɶɹ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.5.                      
 
 
Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (P=50%) ɛɟɡ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɫ 
ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ 
Ƚɨɞɵ Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII 
1950 Q
ɩɪ90%,ɦ3/ɫ 47 40 39 66 577 583 570 331 299 282 112 84 
1982 Q
ɤɨɪ50%,ɦ3/ɫ 69 65 60 102 627 633 632 537 502 411 162 104 
 
Ɉɛɴɟɦ ɫɟɡɨɧɧɨɝɨ ɢ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ ɨɫɬɚɥɫɹ ɧɟɢɡɦɟɧɧɵɦ ɞɨ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 
ɢ ɩɨɫɥɟ ɧɟё, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɜɵɩɨɥɧɟɧɚ ɜɟɪɧɨ. ɗɦɩɢɪɢɱɟɫɤɢɟ 
ɤɪɢɜɵɟ ɢ ɝɢɞɪɨɝɪɚɮ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.1 ɢ 2.2. 
 





































2.2 ȼɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɨɜ 
 
2.2.1 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 
Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɪɚɦɤɚɯ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ 
ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
ɉɨ ɡɚɞɚɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ (ɬɚɛɥɢɰɚ 2.6) ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɤɪɢɜɭɸ 
ɫɜɹɡɢ (ɪɢɫ2.3). 
 
Ɍɚɛɥɢɰɚ 2.6 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɪɚɫɯɨɞɨɜ ɝɢɞɪɨɭɡɥɚ 
Zɧɛ ɥɟɬɨ ɡɢɦɚ 
210 0 0 
210,5 50,75 40,60 
211 125,20 100,16 
211,5 260,36 208,29 
212 431,10 344,88 
212,5 596,30 477,04 
213 742,64 594,11 
213,5 900,20 720,16 
214 1039,36 831,49 
214,5 1165,21 932,17 






Ɋɢɫɭɧɨɤ 2.3 – Ʉɪɢɜɚɹ ɪɚɫɯɨɞɨɜ ɝɢɞɪɨɭɡɥɚ ɡɚ ɥɟɬɧɢɣ ɢ ɡɢɦɧɢɣ ɩɟɪɢɨɞ 
 
Ɉɩɢɲɭ ɤɪɢɜɵɟ ɪɚɫɯɨɞɨɜ ɝɢɞɪɨɭɡɥɚ ɩɨɥɢɧɨɦɚɦɢ 6-ɝɨ ɩɨɪɹɞɤɚ, ɞɚɧɧɵɣ 
ɩɨɥɢɧɨɦ ɛɵɥ ɜɵɛɪɚɧ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɨɧ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɢɫɵɜɚɟɬ ɤɪɢɜɭɸ ɪɚɫɯɨɞɚ 
ɢ ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɥɭɱɢɦ ɮɨɪɦɭɥɭ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɢ. 
Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɪɟɠɢɦ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. ȼɵɱɢɫɥɢɦ 
ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ 
ɮɨɪɦɭɥɟ: 
 
 𝑁ʒЭʠ ˄˞˕ = 𝑘𝑁 ∙ ܳ˒ˑˎˈˊ ∙ ܪ,                                                                            (2.10) 
 
ɝɞɟ,    𝑘𝑁=8,7 - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ,  
  ܪ – ɩɨɞɜɟɞёɧɧɵɣ ɧɚɩɨɪ. 
 




 ܪ = ܼʑʐ − ܼʜʐ − ∆ℎ,                                                                     (2.12) 
 
ɝɞɟ,  ܼʑʐ- ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ, ܼʜʐ =݂ሺܳ˒ˑˎˈˊሻ ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ∆ℎ  - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɜɨɞɹɳɟɦ ɬɪɚɤɬɟ. Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɸ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ: 




























Ɍɚɛɥɢɰɚ 2.7 – ɉɨɬɟɪɢ ɪɚɫɯɨɞɚ 
    əɧɜɚɪɶ Ɏɟɜɪɚɥɶ Ɇɚɪɬ Ⱥɩɪɟɥɶ Ɇɚɣ ɂɸɧɶ 
    1 2 3 4 5 6 
    49 38 19 37 448 771 
  Q ɜɤɯ 134 134 134 268 268 268 
  Qɮ 0.98 0.75 0.38 0.74 8.96 15.42 
  Qɢɫɩ           0.59 
  Qɥɟɞ 1.97 0.75 0.19 -2.58 -17.91   
ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ 2.95 1.51 0.57 -1.85 -8.96 16.01 
Q ɩɨɥɟɡɧɚɹ ɛɵɬɨɜɚɹ 46 36 18 39 457 755 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.7 
    ɂɸɥɶ Ⱥɜɝɭɫɬ ɋɟɧɬɹɛɪɶ Ɉɤɬɹɛɪɶ ɇɨɹɛɪɶ Ⱦɟɤɚɛɪɶ 
    7 8 9 10 11 12 
    448 348 323 311 87 57 
  Q ɜɤɯ 268 268 268 268 134 134 
  Qɮ 8.96 6.96 6.47 6.21 1.74 1.15 
  Qɢɫɩ 1.19 0.59 0.59 0.59     
  Qɥɟɞ         0.87 1.72 
ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ  10.14 7.55 7.06 6.80 2.61 
Q ɩɨɥɟɡɧɚɹ ɛɵɬɨɜɚɹ  438 340 316 304 84 
 
Ɍɚɛɥɢɰɚ 2.8 – Ɇɨɳɧɨɫɬɶ ɩɨ ɜɨɞɨɬɨɤɭ 
 ɉɚɪɚɦɟɬɪɵ əɧɜɚɪɶ Ɏɟɜɪɚɥɶ Ɇɚɪɬ Ⱥɩɪɟɥɶ Ɇɚɣ ɂɸɧɶ ɂɸɥɶ 
1 2 3 4 5 6 7 
Qɩɨɥɟɡɧ 
ɛɵɬ 46 36 18 39 457 755 438 
Zɜɛ 321 321 321 321 321 321 321 
Zɧɛ 211 210 210 210 212 213 212 
H 109 109 110 109 108 107 108 
Nɜɨɞɨɬ 45 36 18 38 443 726 424 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.8 
 ɉɚɪɚɦɟɬɪɵ Ⱥɜɝɭɫɬ ɋɟɧɬɹɛɪɶ Ɉɤɬɹɛɪɶ ɇɨɹɛɪɶ Ⱦɟɤɚɛɪɶ 
8 9 10 11 12 
Qɩɨɥɟɡɧ 
ɛɵɬ 340 316 304 84 55 
Zɜɛ 321 321 321 321 321 
Zɧɛ 212 212 212 211 211 
H 108 108 108 109 109 





 Ɍɚɛɥɢɰɚ 2.9 – Ɇɨɳɧɨɫɬɶ ɩɨ ɜɨɞɨɬɨɤɭ 
 ɉɚɪɚɦɟɬɪɵ əɧɜɚɪɶ Ɏɟɜɪɚɥɶ Ɇɚɪɬ Ⱥɩɪɟɥɶ Ɇɚɣ ɂɸɧɶ ɂɸɥɶ 
1 2 3 4 5 6 7 
Q ɜɤɯ 134 134 134 268 268 268 268 
Zɜɛ 321 321 321 321 321 321 321 
Zɧɛ 211 211 211 212 212 212 212 
H 109 109 109 108 108 108 108 
Nɜɨɞɨɬ 131 131 131 261 261 261 261 
  
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.9 
  Ⱥɜɝɭɫɬ ɋɟɧɬɹɛɪɶ Ɉɤɬɹɛɪɶ ɇɨɹɛɪɶ Ⱦɟɤɚɛɪɶ 
 8 9 10 11 12 
Q ɜɤɯ 268 268 268 134 134 
Zɜɛ 321 321 321 321 321 
Zɧɛ 212 212 212 211 211 
H 108 108 108 109 109 
Nɜɨɞɨɬ 261 261 261 131 131 
 
 ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰ ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɣ ɪɢɫɭɧɨɤ 2.4 
 
Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɣ 
 
2.2.2. ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 
ɦɚɥɨɜɨɞɧɨɦ ɢ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɪɚɫɱɟɬɨɜ ɜɟɞɟɬɫɹ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ 















ɐɟɥɶɸ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɨɬɦɟɬɤɢ ɍɆɈ, ɢ ɩɨɥɟɡɧɨɝɨ 
ɨɛɴёɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 
ɉɨɥɟɡɧɵɣ ɨɛɴёɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɚɣɞɟɬɫɹ ɢɡ ɤɪɢɜɨɣ ɨɛɴёɦɨɜ ɝɢɞɪɨɭɡɥɚ 
ɬɚɛɥɢɰɚ 2.10 ɢ ɪɢɫɭɧɨɤ 2.5. 
Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, Ȼ 
Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɨɣ ɨɛɴёɦɨɜ ɝɢɞɪɨɭɡɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2.10 
 
Ɍɚɛɥɢɰɚ 2.10 - Ɉɛɴɟɦɵ 

















ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.10 ɫɬɪɨɢɦ ɤɪɢɜɭɸ ȼȻ ɪɢɫɭɧɨɤ 2.5 
 
 


















ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɭɞɚɥɨɫɶ ɜɵɞɚɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɟ ɦɨɳɧɨɫɬɢ ɫ 
ɧɟɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ 
ɫɞɟɥɚɬɶ ɛɨɥɶɲɟ. 
 
ɉɨɥɟɡɧɵɣ ɢɫɩɨɥɶɡɭɟɦɵɣ ɛɵɬɨɜɨɣ ɩɪɢɬɨɤ 
 
 
iɩɨɬɟɪɶiɛɵɬɩɨɥиɫɩɩɨɥ QQQ  ...                                                   (2.13) 
 
ɝɞɟ  Qɩɨɬɟɪь – ɩɨɬɟɪɢ ɪɚɫɯɨɞɚ ɧɚ ɮɢɥɶɬɪɚɰɢɸ, ɢɫɩɚɪɟɧɢɟ, ɲɥɸɡɨɜɚɧɢɟ, 
ɥɶɞɨɨɛɪɚɡɨɜɚɧɢɟ. 
 
Ɍɭɪɛɢɧɧɵɣ ɪɚɫɯɨɞ Ƚɗɋ 
 
 iиɫɩɩɨɥiɜɞɯɪГЭС QQQ ...                                                    (2.14) 
 
ɝɞɟ  Qɜɞхɪ – ɪɚɫɯɨɞ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɜ ȼɗɊ ɩɨɞɛɢɪɚɟɬɫɹ. 
 
Ɋɚɫɯɨɞ ɜ ɧɢɠɧɢɣ ɛɶɟɮ 
 
 iɮiɫɛɪɯɨɥiГЭСɧɛ QQQQ ....                                                             (2.15) 
 
ɝɞɟ  Qхɨл. ɫɛɪ. – ɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ Ƚɗɋ. 
 





 iiɜɞɯɪɜɞɯɪ tQV                                                            (2.16) 
 
ɝɞɟ  Δt – ɜɪɟɦɹ ɜ ɦɟɫɹɰɟ, ɫ. 
Ɇɧɨɠɢɬɟɥɶ 10-9 ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɟɪɟɜɨɞɚ ɦ3 ɜ ɤɦ3. 
ɉɨɥɟɡɧɵɣ ɨɛɴёɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɚ ɤɨɧɟɰ ɪɚɫɱёɬɧɨɝɨ ɦɟɫɹɰɚ 
 
 iɜɞɯɪiɧɚчiɤɨɧɟч VVV .)1.(.                                                              (2.17) 
 
ɡɧɚɤ «+» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɩɨɥɧɟɧɢɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɡɧɚɤ «-» ɟɝɨ ɫɪɚɛɨɬɤɟ. 
 














                                                             (2.18) 
 




 iiɧɛiɜɛi hzzH  ..                                                                      (2.19) 
 
ɋɪɟɞɧɟɢɧɬɟɪɜɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ: 
 
 iiГЭСNГЭС HQkN  .                                                                   (2.20) 
 
 ɇɚ ɪɢɫɭɧɤɟ 2.6, ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ: 
 
 
Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤɢ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ 
ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ɗɫɪɝɨɞ=1688657 Ɇȼɬ·ɱ. 
ɋɪɚɜɧɢɜɚɹ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɯ ɜɵɪɚɛɨɬɨɤ ɩɨ ɦɨɳɧɨɫɬɹɦ ɢ ɩɨ 
ɨɬɦɟɬɤɚɦ, ɧɚɢɛɨɥɶɲɚɹ ɜɵɪɚɛɨɬɤɚ ɨɛɟɫɩɟɱɟɧɚ ɪɚɛɨɬɨɣ ɦɨɳɧɨɫɬɹɦɢ ɦɚɥɨɜɨɞɧɨɝɨ 
ɝɨɞɚ, ɩɨɷɬɨɦɭ ɜɵɪɚɛɨɬɤɚ ɩɨ ɷɬɨɦɭ ɜɚɪɢɚɧɬɭ ɛɭɞɟɬ ɫɱɢɬɚɬɶɫɹ ɝɨɞɨɜɨɣ. 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ Ƚɗɋ  
. 1,77ɫɪɝɨɞГЭСЭ   ɦɥɪɞ. ɤȼɬ·ɱ. 
 
2.2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
ɉɪɢɦɟɧɢɜ ɩɥɚɧ ɝɟɧɟɪɚɰɢɢ ɢ ɩɨɬɪɟɛɥɟɧɢɹ, ɡɚ 24 ɞɟɤɚɛɪɹ 2015 ɝɨɞɚ ɢ  ɫɭɬɤɢ-
24 ɢɸɧɹ 2015 ɝɨɞɚ ɡɚ ɡɢɦɧɢɟ ɢ ɡɚ ɥɟɬɧɢɟ ɫɭɬɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɫɚɣɬɚ 
ɫɢɫɬɟɦɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɟɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ [1], ɫɬɪɨɢɦ ɫɭɬɨɱɧɵɣ 














ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. Ⱦɚɥɟɟ ɧɚɯɨɞɢɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɊȾɍ, ɞɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɫ ɫɚɣɬɚ ɫɢɫɬɟɦɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɜɡɹɬɶ 
ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɈȾɍ ɋɢɛɢɪɢ ɡɚ ɝɨɞ, ɩɨɬɨɦ ɬɚɤɠɟ ɧɚ ɫɚɣɬɟ 
ɩɟɪɟɯɨɞɢɦ ɜ ɊȾɍ ɜ ɦɨɟɦ ɫɥɭɱɚɟ ɷɬɨ ɂɪɤɭɬɫɤɨɟ ɢ ɛɟɪɟɦ ɜɵɪɚɛɨɬɤɭ ɡɚ ɝɨɞ. 
 
 
ଶ଴ଵ,ଶଵˏˎ˓ˇ ˍʑ˕∗˚ସ଻,ଽହˏˎ˓ˇ ˍʑ˕∗˚ = Ͷ,ʹ                          
                                                              
ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɧɚɲɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɩɨɥɭɱɢɜɲɢɟɫɹ ɜ ɩɥɚɧ ɡɚ 
ɡɢɦɧɢɟ ɢ ɥɟɬɧɢɟ ɫɭɬɤɢ ɪɚɡɞɟɥɢɬɶ ɧɚ ɩɨɥɭɱɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɜ ɢɬɨɝɟ ɩɨɥɭɱɢɦ 
ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɞɥɹ ɊȾɍ. 
ɉɨ ɩɨɫɥɟɞɧɢɦ ɞɜɭɦ ɫɬɨɥɛɰɚɦ ɬɚɛɥɢɰɵ 2.11 ɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɢɦɵ 
ɢ ɥɟɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫɭɧɨɤ 2.7 – 2.8). 
Ɍɚɛɥɢɰɚ 2.11 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɥɹ ɡɢɦɧɟɝɨ  
ɩɟɪɢɨɞɚ 





1 25699 18832 6119 4484 
2 25267 18259 6016 4347 
3 25023 17889 5958 4259 
4 24994 17751 5951 4226 
5 25180 17768 5995 4230 
6 25285 17839 6020 4247 
7 25898 18165 6166 4325 
8 26671 18613 6350 4432 
9 27527 19414 6554 4622 
10 28333 20246 6746 4820 
11 28758 20816 6847 4956 
12 28799 21075 6857 5018 
13 28592 20958 6808 4990 
14 28226 20917 6720 4980 
15 28168 20932 6707 4984 
16 27842 20947 6629 4987 
17 28086 20986 6687 4997 
18 28684 20962 6830 4991 
19 29155 20860 6942 4967 
20 29130 20811 6936 4955 
21 28840 20855 6867 4965 
22 28438 20962 6771 4991 
23 27986 20978 6663 4995 
24 27141 20565 6462 4896 
24 
 
Ɋɢɫɭɧɨɤ 2.7 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ. Ɂɢɦɚ 
 
 
Ɋɢɫɭɧɨɤ 2.8 – ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ. Ʌɟɬɨ 
Ⱦɥɹ ɪɚɫɫɱɢɬɚɧɧɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɟ 
ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ. ɂɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ 
ɢ Ƚ. 
 
2.2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

































max=a+(b*Cos|30°*t-15°|)                                                                        (2.21)   
        
ɝɞɟ 
 a=Pɡɢɦmax+Pɥɟɬmax    ;                                                                                      (2.22) 
    
 b= Pɡɢɦmax-Pɥɟɬmax    ;                                                                                    (2.23) 
     
Ɋɚɡɧɨɫɬɶ  ΔɊ ɧɚɯɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 
 1 ii PPP                                                                                                 (2.24) 
 
ɝɞɟ  Pi – ɜɵɪɚɛɨɬɤɚ ɡɚ i – ɵɣ ɱɚɫ ɫɭɬɨɤ 
 
ɉɪɢɪɚɳɟɧɢɟ ɜɵɪɚɛɨɬɤɢ ɗ ɧɚɯɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 
 tPЭ                                                                                                  (2.25) 
 
Ɂɧɚɱɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɢ ɩɨɬɪɟɛɥɟɧɢɹ ɗ ɢ Ɋ, ɞɥɹ ɩɟɪɜɨɝɨ ɡɧɚɱɟɧɢɹ ɨɧɢ ɪɚɜɧɵ 
Э=ΔЭ ɢ Р=ΔР, ɚ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
 
 11  iЭЭЭ ;  11  iPPP .                                                                     (2.26) 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ ɢ ɝɪɚɮɢɤ ɞɥɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɨɞɨɜɨɣ ɧɚɝɪɭɡɤɢ. 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.12 
 








































ɇɚ ɪɢɫɭɧɤɟ 2.9 ɩɪɟɞɫɬɚɜɥɟɧ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ: 
 
Ɋɢɫɭɧɨɤ 2.9 – Ƚɨɞɨɜɨɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɫɬɪɨɢɬɶ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ 
 
2.2.5 Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɨɝɪɚɧɢɱɟɧɢɣ 
 































109.90 210.00 0.00 109.90 0.00 72.00 99.26 97.00 413.02 70.00 332.51 
109.90 210.51 0.51 109.39 40.60 71.49 98.75 108.00 370.95 97.00 413.02 
109.90 210.99 0.99 108.91 100.16 71.01 98.26         
109.90 211.50 1.50 108.40 208.29 70.50 97.75         
109.90 211.99 1.99 107.91 344.88 70.01 97.26         
109.90 212.51 2.51 107.39 477.04 69.49 96.74         
109.90 212.99 2.99 106.91 594.11 69.01 96.27         
109.90 213.50 3.50 106.40 720.16 68.50 95.75         
109.90 214.00 4.00 105.90 831.49 68.00 95.26         
109.90 214.50 4.50 105.40 932.17 67.50 94.76         
109.90 215.00 5.00 104.90 1056.30 67.00 94.26         
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɨɫɬɪɨɟɧɨ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɱɟɬɨɦ 
ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɦɨɳɧɨɫɬɢ ɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɪɢɫɭɧɨɤ 2.10.) 
 
ɉɨ ɪɟɠɢɦɧɨɦɭ ɩɨɥɸ ɨɩɪɟɞɟɥɹɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 
 – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɇɪ = 98,5ɦ;  
 – ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɇ min=71,4ɦ; 
 – ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɇ max= 112 ɦ; 
 – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ Q = 347,98 ɦ3/c. 
Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɚ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 
ɩɨɞɛɢɪɚɟɦ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ, ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
  1) ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ; 
  2) ɨɬɧɨɲɟɧɢɟ 𝐻೘𝑖೙𝐻೘𝑎𝑥 = ଻ଵ,ସଵଵଶ = Ͳ,͸Ͷ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ. 
Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɊɈ-115-ȼ. 
 































=112 ɦ  
ɩɪɢ ɇɉɍ=321ɦ Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 






2.2.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 
ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ 2% ௧ܲ௠௔௫, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 7% ɨɬ ௧ܲ௠௔௫. ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ.  ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ 
ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 
 𝑁˖˔˕.ʒЭʠ = 𝑁˅˞˕.˓˃˄.ʒЭʠ + 𝑁˓ˈˊʒЭʠ                                                                             (2.27) 
 
Ɍɚɤ ɤɚɤ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɦɵ ɪɟɡɟɪɜ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɦ, ɩɨɷɬɨɦɭ 
ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɪɚɜɧɚ: 
 
 𝑁˖˔˕.ʒЭʠ = ʹͻ͵ + ͳͶ,͸ͷ =  ͵Ͳͺʛʑ˕ 
 
Ɋɚɫɱёɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.15. Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɪɢɫɭɧɤɟ 2.11 
 
Ɍɚɛɥɢɰɚ 2.15 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
  Ɋɦɚɤɫ 
Nɩɪɨɟɤɬ 










1 6909 271 14 5952 686 0 0 749 345 
2 6660 98 5 5876 686 0 40 740 345 
3 6229 91 5 5452 686 0 220 725 345 
4 5732 150 8 4958 624 0 0 708 345 
5 5300 182 9 4557 562 150 0 693 345 
6 5051 320 16 4169 562 260 0 684 345 
7 5050 280 14 4208 562 260 0 684 345 
8 5298 249 12 4487 562 150 0 693 345 
9 5729 256 13 4911 562 0 0 708 345 
10 6226 260 13 5343 624 0 220 725 345 
11 6658 129 6 5843 686 0 40 740 345 










































1 2 3 4 5 6 7 8 9 10 11 12








3. Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
3.1 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
 
ɇɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɢɫɬɟɦɭ ɢ ɬɢɩ ɬɭɪɛɢɧɵ c ɧɨɦɢɧɚɥɶɧɵɦ ɞɢɚɦɟɬɪɨɦ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ܦଵ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ n, ɩɪɢ ɤɨɬɨɪɵɯ ɜ ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ ɜɨɞɵ ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɪɚɛɨɬɚɥɚ 
ɛɵ ɫ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɡɚɝɥɭɛɥɟɧɢɢ ɢ ɤɨɥɢɱɟɫɬɜɟ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɚɝɪɟɝɚɬɨɜ. ɑɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɞɨɥɠɧɨ 
ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ, ɚ ɬɚɤ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɚɧɧɵɯ ɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɨ ɛɵɬɶ 
ɤɪɚɬɧɨ 2 ɢɥɢ 3. 
Ƚɢɞɪɨɬɭɪɛɢɧɵ ɜɵɛɢɪɚɟɦ ɢɫɯɨɞɹ ɢɡ  ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɨɥɨɠɟɧɢɣ ɢ 
ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɫɬɚɧɰɢɢ ɢ ɨɬɧɨɲɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ 
ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ ɬɭɪɛɢɧɵ: ܪ௠𝑖௡ ܪ˒˓ˈˇ⁄ = ͹ͷ ͳͳͷ⁄ = Ͳ,͸ͷ. ɉɪɢ ɷɬɨɦ ɟɫɥɢ ɷɬɨ 
ɨɬɧɨɲɟɧɢɟ ɦɟɧɶɲɟ ɨɬɧɨɲɟɧɢɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ, ɡɧɚɱɢɬ, ɞɚɧɧɵɣ ɬɢɩ 
ɬɭɪɛɢɧɵ ɧɟ ɩɨɞɯɨɞɢɬ. 
Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɊɈ 115−ȼ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.1 
  
Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɉɚɪɚɦɟɬɪ Ɍɭɪɛɢɧɚ ɊɈ115 − ȼ 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hɩɪɟɞ 115 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Hmin/Hɦɚɯ 0,60 
Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ n'1oɪt, ɦɢɧ-1 75 
Ɉɩɬɢɦɚɥɶɧɵɣ ɩɪɢɜɟɞɟɧɧɵɣ 
ɪɚɫɯɨɞ Q'1opt, ɥ/ɫ 900 
Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ηɦɨpt 0.927 
ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɪɚɫɯɨɞ Q'1max, ɥ/ɫ 1080 
Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ ɩɪɢ Q'1max 0.15 
ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɊɄ D'1ɦ, ɦ 0,5156 
ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦ, ɦ 4 
Ɍɟɦɩɟɪɚɬɭɪɚ tɦ, C 2 
 
ɂɡ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ܦଵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ: ܦଵ = ʹ,ͺ; ͵;  ͵,ͳͷ;  ͵,ͷͷ; ሺˏሻ. 
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Ⱦɥɹ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜɵɩɨɥɧɹɟɦ 
ɪɚɫɱɟɬɵ ɞɥɹ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɞɢɚɦɟɬɪɨɜ.  
Ɋɚɫɱɟɬ ɞɥɹ ɊɈ115 −ȼ , D1 =3 ɦ 
ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
 
   ηʡ = ͳ − ሺͳ − ηʛሻ ∙ ൮ሺͳ − ɂሻ + ɂ ∙ √ቀDభ ʛDభ ቁଶ ∙ HʛH˓ ∙ ቀνʜνʛቁଶభబ ),                    (3.1)  
        
 
 ηʡ = ͳ − ሺͳ − Ͳ,ͺͺͶሻ ∙ (ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ ∙ √ቀͲ,ͷͳͷ͸͵ ቁʹ ∙ Ͷͻͺ,ͷ ∙ ቀͳ,͸͹ͺͳ,͸ͺ ቁʹͳͲ ) = Ͳ,ͻ͵͵ͷ,     
         
 ɝɞɟ  ηʛ , Dଵ ʛ , Hʛ – ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
 ܦଵ , ɇɊ – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
 ߥʜ,ߥʛ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ 
ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; 
  ߝ −ɤɨɷɮɮɢɰɢɟɧɬ,ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ(ߝ = Ͳ,͹ͷ). 
 ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɤɢ Ʉɭɪɚ – ݐʜ = ʹ ሺ℃ሻ, ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ߥʜ = ͳ,͸͹ͺ ∙ ͳͲ଺ ቀ  ˏమ௖  ቁ (ɬɚɛɥɢɰɚ 3.2)  
Ɍɚɛɥɢɰɚ 3.2 − ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ 
t,  0 ɋ 0 5 10 15 20 25 30 35 
*10 6, ɦ2/ɫ 1.79 1.51 1.30 1.14 1.01 0.90 0.81 0.74 
  
Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 
Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 N*ɚ= 9, 81∙ Q*Iɪ ∙ D21 ∙ H3/2ɪ ∙  ηɬ ∙  ηɝ ;                                                           (3.2)           
 
 N*ɚ= 9,81∙1,085 ∙ 3∙ 98,5 3/2 ∙ 0,9335 ∙ 0,97 =84800 ɤȼɬ ;  
           
ɝɞɟ   Q*Iɪ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
  ηɝ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ηɝ=0,97). 
 ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ 
  Z*ɚ= 𝑁 ˖˔˕ʒЭʠ𝑁𝑎 = ͵ͲͺͲͲͲͺͶͺͲͲ =3,63ɲɬ;                                                                           (3.3)    
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ɝɞɟ NȽɗɋɭɫɬ  − 308 Ɇȼɬ - ɪɚɫɱɟɬɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ. 
Ɋɚɫɫɱɢɬɚɧɧɨɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ Z*ɚ ɨɤɪɭɝɥɹɟɦ  ɞɨ ɛɨɥɶɲɟɝɨ ɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ 
=> Zɚ =4 ɲɬ; 
 ɍɬɨɱɧɹɟɦ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 
 Nɚ= 𝑁 ˖˔˕ʒЭʠ௓𝑎 = ଷ଴଼଴଴଴ସ =77000 ɤȼɬ.                                                                    (3.4)  
                                                            
Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɨɬ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɤ ɧɚɬɭɪɧɨɣ ɨɩɪɟɞɟɥɢɦ ɩɨɩɪɚɜɤɭ ɧɚ 
ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ: 
 
 Δɪ= ηːη˓.˕ = ଴,ଽଷଷହ଴,଼଼ସ = ͳ,Ͳͷ͸                                                                                                (3.5)    
                                                                                    
  ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ:   
 
 n*ɫ=
௡𝑝′  ∙ √∆𝑝 ∙ 𝐻˓˃˔஽భ =଻ହ ∙ √ଵ.଴ହ଺ ∙ ଽ଼,ହଷ = 254,97 ɨɛ/ɦɢɧ;                                  (3.6) 
 
ɝɞɟ   ݊௣′  − ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ Ƚɍɏ; Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ 
ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ => nɫɢɧɯ=187.5 ɨɛ/ɦɢɧ; 
Ⱦɚɥɟɟ ɧɚɯɨɞɢɦ ɩɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɢɡɜɟɫɬɧɵɦ ɧɚɩɨɪɚɦ ɇɪ, ɇmin, ɇmax: 
 
 n’1max = ௡೎ ∙ ஽భ√𝐻ౣi౤∙ ∆𝑝  = ଶହ଴ ∙ଷ√଻ଵ,ସ ∙ଵ.଴ହ଺  =86,4 ɨɛ/ɦɢɧ;                                       (3.7)           
 
 n’1p = ௡೎ ∙ ஽భ√𝐻p∙ ∆𝑝 = ଶହ଴ ∙ଷ√ଽ଼,ହ∗ଵ.଴ହ଺  = 73,5 ɨɛ/ɦɢɧ;                                                   (3.8)           
 
 n’1min = ௡೎ ∙ ஽భ√𝐻ౣax∙ ∆𝑝  = ଶହ଴ ∙ ଷ√ଵଵଶ∗ଵ.଴ହ଺  = 69,0 ɨɛ/ɦɢɧ.                                           (3.9)  
                                  
Ɉɩɪɟɞɟɥɢɦ ɨɤɨɧɱɚɬɟɥɶɧɨɟ  ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɧɚ ɥɢɧɢɢ n’p ɩɨɞɛɢɪɚɟɦ ɬɚɤɨɟ ɫɨɱɟɬɚɧɢɟ ηɬ  ɢ Q’1 
ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɪɚɜɟɧɫɬɜɨ: 
 
 Q’1 ∙ ηɬ = 𝑁˃ଽ,଼ଵ ∙ ஽భమ ∙ 𝐻𝑃∙ √𝐻𝑝∙𝜂˕ = ଻଻଴଴଴ଽ,଼ଵ ∙ ଷమ ∙ ଽ଼,ହ∙ √ଽ଼,ହ∙଴,ଽ଻ = 0,822                               (3.10)   
                     
Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɫɬɪɨɢɦ ɥɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɥɢɧɢɢ n’min  ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
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ɧɚɩɨɪɭ ɇɦɚɯ, ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɟ ɜɦɟɫɬɨ ɇɪ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ: 
 
 Q’1∙ηɬ = 𝑁˃ଽ,଼ଵ ∙ ஽భమ ∙ 𝐻ˏ˃˘∙ √𝐻ˏ˃˘∙𝜂˕ = ଻଻଴଴଴ଽ,଼ଵ ∙ ଷమ ∙ ଵଵଶ∙ √ଵଵଶ∙଴,ଽ଻ = 0,678                         (3.11) 
 
          Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɨ ɮɨɪɦɭɥɚɦ (3.3-3.12) ɜɵɩɨɥɧɹɟɦ ɪɚɫɱɟɬ ɞɥɹ 
ɊɈ115 – ȼ (D1 = 2,8−3,55 ɦ) Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 3.3. 
 
Ɍɚɛɥɢɰɚ 3.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ115− ȼ 
D1 , ɦ 2,8 3 3,15 3,55 
ηɬ 0,9333 0,9335 0,9337 0,9342 
N*ɚɝɪ ,Ɇȼɬ 73850 84800 93510 118823 
Z*a 4,17 3,63 3,29 2,59 
Za 6 4 4 3,0 
Na,Ɇȼɬ 51333 77000 77000 102667 
m 1,056 1,056 1,056 1,057 
n*c, ɨɛ/ɦɢɧ 273,15 254,97 242,86 215,54 
nc',ɨɛ/ɦɢɧ 300 250 230,8 214,3 
n'ɪ, ɨɛ/ɦɢɧ 82,37 73,54 71,28 74,57 
n'min 77,25 68,96 66,84 69,93 
n'max 96,75 86,37 83,72 87,58 
Q*n ɪɚɫ 0,63 0,822 0,745 0,782 
Q'*n min 0,519 0,678 0,615 0,645 
 
ɇɚ ɨɫɧɨɜɟ ɬɚɛɥɢɰɵ 3 ɫɬɪɨɢɦ Ƚɍɏ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɞɢɚɦɟɬɪɨɜ (ɩɪɢɥɨɠɟɧɢɟ Ⱦ). 
ɉɪɢ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ ɭɱɢɬɵɜɚɥɫɹ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɦɟɪɵ ɬɭɪɛɢɧɵ ɢ ɟё ɛɥɨɤɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɪɚɛɨɱɟɣ ɡɨɧɵ ɧɚ ɍɏ. 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɜɵɛɢɪɚɟɦ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ. ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɚɹ 
ɬɭɪɛɢɧɚ ܦଵ = ͵ ሺˏሻ ɞɥɹ ɤɨɬɨɪɨɣ ɪɚɫɫɱɢɬɵɜɚɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ. 
 
3.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
 
Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ߘܼʟ.ʙ. = ܼʜ.ʐ.ሺܳʜʐሻ + ܪ௦                                                                                              (3.12) 
 
ɝɞɟ  ܼʜ.ʐ. ሺܳʜ.ʐ.ሻ − ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ  ɜ ɇȻ ɩɪɢ  ܳʜ.ʐ., ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ܪ௦. 
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ɉɨ ɪɟɠɢɦɧɨɦɭ ɩɨɥɸ ɨɩɪɟɞɟɥɹɟɦ ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɇmax,  Hmin, Hɪ. 
ɂɫɩɨɥɶɡɭɹ ɨɛɪɚɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɜɵɪɚɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɜɟɥɢɱɢɧɵ, ɧɚɯɨɞɢɦ 
Q. 
 
 Q = Q’1 ∙ D12 ∙ √H ∙ ݉                                                                                               (3.13) 
 
 Q’1min =870 ɥ/ɫ, σ =0, 12                                                                             
 
 Qmin = 0,87 ∙ 32 ∙ √͹ͳ,Ͷ ∙ ͳ,Ͳͷ͸ = 67,9ɦ3/ɫ                                                
 
Ɉɬɦɟɬɤɚ ɩɪɢ ɩɨɥɭɱɢɜɲɟɦɫɹ ɪɚɫɯɨɞɟ ∇=210,6ɦ 
  
 Q’1p = 900 ɥ/ɫ, σ =0, 12                                                                               
 
 Qp = 900 ∙ 32 ∙ √ͻͺ,ͷ ∙ ͳ,Ͳͷ͸ = 82,6 ɦ3/ɫ                                                   
 
Ɉɬɦɟɬɤɚ ɩɪɢ ɩɨɥɭɱɢɜɲɟɦɫɹ ɪɚɫɯɨɞɟ ∇ = 210,8ɦ 
 
 Q’1max = 760 ɥ/ɫ, σ =0, 12                                                                           
 
 Qmax = 0,76 ∙ 32 ∙ √ͳͳʹ ∙ ͳ,Ͳͷ͸ = 74,4 ɦ3/ɫ                                                
 
Ɉɬɦɟɬɤɚ ɩɪɢ ɩɨɥɭɱɢɜɲɟɦɫɹ ɪɚɫɯɨɞɟ ∇=210,7 ɦ  
 
ȼɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ܪ௦ = 𝐵 − ఇ௓ʜʐ  ሺ𝑄ʜʐሻଽ଴଴ − 𝜎 ∙ ܪ − 𝑘𝜎 + ∆ܼ௑.ʞʚ.,                                                                       (3.14) 
 
ɝɞɟ       B – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ( ȼ = 10,33 ɦ ɜɨɞ.ɫɬ); 
 𝑘𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɤɚɜɢɬɚɰɢɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɤ ɧɚɬɭɪɧɨɣ (𝑘𝜎 =1,5); 
 𝜎 − ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ; 
 ɇ  − ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ ߘܼʜʐሺܳʜʐሻ 
 ∆ܼ௑ ʞʚ – ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ ɢ 
ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɊɈ  ɬɭɪɛɢɧ  ∆ܼ௑ ʞʚ = ʑబଶ  . ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ȼ0 ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɫ 
ɦɨɞɟɥɢ ɩɨ ɮɨɪɦɭɥɟ: 
 




ɝɞɟ       ȼɨɦ − ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ (ȼɨɦ=0,163ɦ); 
      D1ɦ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ (D1ɦ=0,515 ɦ); 
 D1ɧ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ(D1ɧ = 4,5ɦ). 
 
 ∆ܼ௑ ʞʚ = ʑబଶ  = ଴,ଽହଶ = Ͳ,Ͷ͹Ͷ                                                                                         (3.16) 
 
 ܪ௦ ௠𝑖௡ = ͳͲ,͵͵ − ଶଵ଴,଺ଽ଴଴ − Ͳ,ͳʹ ∙ ͹ͳ,Ͷ − ͳ,ͷ + Ͳ,Ͷ͹Ͷ = ͵,͵͵ ˏ                 
 
  ܪ௦  ௣ = ͳͲ,͵͵ − ଶଵ଴,଼ଽ଴଴ − Ͳ,ͳʹ ∙ ͻͺ,ͷ − ͳ,ͷ + Ͳ,Ͷ͹Ͷ =  ͳ,ͳ͸ ˏ                  
 
  ܪ௦ ௠˃˘ = ͳͲ,͵͵ − ଶଵ଴,଻ଽ଴଴ − Ͳ,ͳ͵ ∙ ͳͳʹ − ͳ,ͷ + Ͳ,Ͷ͹Ͷ = Ͳ,Ͳ͹ͻ ˏ               
 
   ߘܼʟ.ʙ.௠𝑖௡ = ʹͳͲ,͸ + ͵,͵͵ = ʹͳ͵,ͻ͵ ˏ                                                      
 
 ߘܼʟ.ʙ.௣ = ʹͳͲ,ͺ + ͳ,ͳ͸ = ʹͳͳ,ͻ͸ ˏ                                                          
 
 ߘܼʟ.ʙ.௠௔௫ = ʹͳͲ,͹ + Ͳ,Ͳ͹ͻ = ʹͳͲ,͹͹ͻ ˏ                                                
 
Ɉɬɦɟɬɤɚ ɡɚɝɥɭɛɥɟɧɢɹ ɊɄ ɞɥɹ ɬɭɪɛɢɧɵ ɊɈ 115−ȼ−450 ߘܼʟ.ʙ.= 210,779ɦ 
 
3.2 Ɋɚɫɱɟɬ ɢ ɩɨɫɬɪɨɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
3.2.1 Ɋɚɫɱɟɬ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ 
 
Ⱦɥɹ ɩɪɢɧɹɬɨɝɨ D1 ɜɵɛɢɪɚɟɦ ɪɚɡɦɟɪɵ ɫɬɚɬɨɪɚ. 
 
Da = 5.55 ɦ; 
Db = 4,8 ɦ; 
D4 = 5,9 ɦ; 
R = 0,35 ɦ; 
h1 = 0,35 ɦ. 
 








ɝɞɟ  b0 – ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 
 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
 
  Hଵ = bଵ + ʹ ∙ hଵ = ͳ,ͳͶͺ + ʹ ∙ Ͳ,͵ͷ = ͳ,ͺͶͺ ˏ                                     (3.19)           
 
Ɉɩɪɟɞɟɥɹɟɦ ɫɤɨɪɨɫɬɶ ɩɨ ɪɢɫɭɧɤɭ 
 
 Vɫɪ= 8.45 ɦ/c                                                                                             (3.20) 
 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ: 
 
 Q˅˘ = Q୮ ∙ φଷ଺଴ = ͹ͻ,͸ͻ ∙ ଷହଵଷ଺଴ = ͹͹,͹ ˏయ˔                                                                                (3.21) 
 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 
 F˅˘ = ୕˅˘V˔˓ = ଻଻,଻଼,ସହ = ͻ,ʹ ˏଶ                                                                                                         (3.22) 
 
Ɋɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 
 p˅˘ = √F˅˘π = √ ଽ,ଶଷ,ଵସ = ͳ,͹ ˏ                                                                                                     (3.23) 
 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɬɭɪɛɢɧɵ ɞɨ ɰɟɧɬɪɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 
 a = Dరଶ + √p˅ଶ˘ − ቀHభଶ ቁଶ = ହ,ଽଶ + √ͳ,͹ଶ − ቀଵ,଼ସ଼ଶ ቁଶ  = Ͷ,͵ͺ ˏ                                          (3.24) 
 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 





ଵ˔ = ௔−√௔మ−௣మ∗ଷ଺଴𝜑 = ସ,ଷ଼−√ସ,ଷ଼మ−ଵ,଻మ∗ଷ଺଴ଷହଵ = Ͳ,͵Ͷ͵                                                            (3.26) 
 
 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɭɝɥɨɜ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜɫɟ ɫɟɱɟɧɢɹ 








Ɍɚɛɥɢɰɚ 3.4 − Ɋɚɫɱɟɬ ɧɟɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ 
№     
    
  x x2 P2 p a R 
  1 2 3 4 5 6 7 8 9 10 11 
1 351 0,372 1,990 1,755 1,325 1,697 2,879 3,525 1,878 4,372 6,088 
2 338 0,358 1,916 1,682 1,297 1,655 2,739 3,385 1,840 4,330 6,050 
3 325 0,344 1,842 1,608 1,268 1,612 2,600 3,246 1,802 4,287 6,012 
4 312 0,331 1,768 1,534 1,239 1,569 2,462 3,109 1,763 4,244 5,973 
5 299 0,317 1,695 1,461 1,209 1,525 2,327 2,973 1,724 4,200 5,934 
6 286 0,303 1,621 1,387 1,178 1,481 2,192 2,839 1,685 4,156 5,895 
7 273 0,289 1,547 1,313 1,146 1,435 2,060 2,706 1,645 4,110 5,855 
8 260 0,275 1,474 1,239 1,113 1,389 1,929 2,575 1,605 4,064 5,815 
9 247 0,262 1,400 1,166 1,080 1,341 1,799 2,446 1,564 4,016 5,774 
10 234 0,248 1,326 1,092 1,045 1,293 1,672 2,318 1,523 3,968 5,733 
11 221 0,234 1,253 1,018 1,009 1,243 1,546 2,192 1,481 3,918 5,691 
12 208 0,220 1,179 0,945 0,972 1,192 1,422 2,068 1,438 3,867 5,648 
13 195 0,207 1,105 0,871 0,933 1,140 1,299 1,946 1,395 3,815 5,605 
14 182 0,193 1,032 0,797 0,893 1,086 1,179 1,825 1,351 3,761 5,561 
15 169 0,179 0,958 0,724 0,851 1,030 1,060 1,707 1,306 3,705 5,516 
16 156 0,165 0,884 0,650 0,806 0,971 0,944 1,590 1,261 3,646 5,471 
17 143 0,152 0,811 0,576 0,759 0,911 0,829 1,476 1,215 3,586 5,425 
18 130 0,138 0,737 0,503 0,709 0,847 0,717 1,363 1,168 3,522 5,378 
19 117 0,124 0,663 0,429 0,655 0,779 0,607 1,253 1,119 3,454 5,329 
20 104 0,110 0,589 0,355 0,596 0,706 0,499 1,145 1,070 3,381 5,280 
21 91 0,096 0,516 0,282 0,531 0,627 0,393 1,040 1,020 3,302 5,230 
22 78 0,083 0,442 0,208 0,456 0,539 0,290 0,936 0,968 3,214 5,178 
23 65 0,069 0,368 0,134 0,366 0,435 0,189 0,836 0,914 3,110 5,124 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ R ɞɥɹ ɤɚɠɞɨɝɨ 
ɭɝɥɚ ɫɩɢɪɚɥɢ. ɋɬɪɨɢɦ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ R = fሺφ°ሻ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 




 Ɋɢɫɭɧɨɤ 3.1 − Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ R = fሺφ°ሻ 
 
Ɋɚɡɦɟɪɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ: 
 
 pଵ = Hభమୱi୬ ଷହ° = భ,ఴరఴమ଴,ହ଻ = ͳ,͸ʹ ˏ                                                                              (3.27) 
 
ɝɞɟ  p1 – ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɜɫɟɯ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ 
 
 pଶ = ୖ−(Dరమ +୮భ∙ሺଵ−c୭ୱ ଷହ°ሻ)ଶ∙c୭ୱ ଷହ°                                                                                     (3.28) 
 
 Ɂɧɚɱɟɧɢɹ R ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ R = fሺφ°ሻ. 
 Ɋɚɫɱɟɬ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.5 
 


























25 39 4,60 2,62 
26 26 4,00 2,02 
27 13 3,20 1,22 





Ɋɢɫɭɧɨɤ 3.2 – ɩɥɚɧ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ 
 
3.2.2 Ɋɚɫɱɟɬ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ 
 
Ɋɚɡɦɟɪɵ ɜɯɨɞɧɨɝɨ ɤɨɧɢɱɟɫɤɨɝɨ ɪɚɫɬɪɭɛɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
 
  Dଶ = Ͳ,ͻͻͷ ∙ Dଵ = Ͳ,ͻͻͷ ∙ ͵ = ʹ,ͻͺͷ ˏ;                                                         (3.29) 
 
    Dˍ = ͳ,ʹʹͻ ∙ Dଵ = ͳ.ʹʹͻ ∙ ͵ = ͵,͸ͺ͹ ˏ;                                                        (3.30) 
 
 h = ʹ,ͷ͹Ͳ ∙ Dଵ = ʹ.ͷ͹Ͳ ∙ ͵ = ͹,͹ͳ ˏ;                                                              (3.31) 
 
 hଵ = Ͳ,ͻͲͺ ∙ Dଵ = Ͳ.ͻͲͺ ∙ ͵ = ʹ,͹ʹͶ ˏ;                                                         (3.32) 
 
 Ɋɚɡɦɟɪɵ ɤɨɥɟɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
  
 hଶ = ͳ,Ͷͷͷ ∙ Dଵ = ͳ,Ͷͷͷ ∙ ͵ = Ͷ,͵͸ͷ ˏ;                                                         (3.33) 
 
 hଷ = Ͳ,͸͵ͳ ∙ Dଵ = Ͳ.͸͵ͳ ∙ ͵ = ͳ,ͺͻ͵ ˏ;                                                         (3.34) 
 
 Lଵ = ͳ,ͷͶͻ ∙ Dଵ = ͳ,ͷͶͻ ∙ ͵ = Ͷ,͸Ͷ͹;                                                              (3.35) 
 





 Ɋɚɡɦɟɪɵ ɜɵɯɨɞɧɨɝɨ ɞɢɮɮɭɡɨɪɚ: 
 
 hସ = ͳ.ʹ͵Ͷ ∙ Dଵ = ͳ.ʹ͵Ͷ ∙ ͵ = ͵,͹Ͳʹ ˏ;                                                         (3.37) 
 
 ∆h = Ͳ,ʹͻͺ ∙ Dଵ = Ͳ,ʹͻͺ ∙ ͵ = Ͳ,ͺͻͶ ˏ;                                                         (3.38) 
 
 Lଶ = ሺͶ.͵͸Ͷ − ͳ.ͷͶͻሻ ∙ Dଵ = ʹ.ͺͳͲ ∙ ͵ = ͺ,Ͷ͵ ˏ;                                      (3.39) 
 
 Bଵ = ʹ,ͻͻ͹ ∙ Dଵ = ʹ,ͻͻ͹ ∙ ͵ = ͺ,ͻͻͳ ˏ.                                                        (3.40) 
 
 Bଵ/ଶ = ͳ.͵ʹʹ ∙ Dଵ = ͳ.͵ʹʹ ∙ ͵ = ͵,ͻ͸͸ ˏ                                                      (3.41) 
 
 B∆ = Ͳ.͵ͷͷ ∙ Dଵ = Ͳ.͵ͷͷ ∙ ͵ = ͳ,Ͳ͸ͷ ˏ.                                                        (3.42) 
 
 Ɋɚɫɱɟɬ ɩɥɨɳɚɞɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɟɱɟɧɢɣ: 
 
  Fଵ−ଶ = (π∙Diమ൯ସ                                                                                                         (3.43) 
 
ȼɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɜɯɨɞɧɨɝɨ ɤɨɧɢɱɟɫɤɨɝɨ ɪɚɫɬɪɭɛɚ (1-1) ɩɨ ɮɨɪɦɭɥɟ 3.43 
 
 Fଵ−ଵ = ሺଷ,ଵସ∙ଷሻସ = ͹,Ͳ͸ͷ ˏଶ. 
 
ɝɞɟ  D1-1 = D1 = 3 ɦ. 
 
ȼɵɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɜɯɨɞɧɨɝɨ ɤɨɧɢɱɟɫɤɨɝɨ ɪɚɫɬɪɭɛɚ (2-2) ɩɨ ɮɨɪɦɭɥɟ 3.56: 
 
 Fଶ−ଶ = ሺଷ,ଵସ∙ଷ,଺଼଻మሻସ = ͳͲ,͸͹ ˏଶ. 
 
ȼɵɯɨɞɧɨɟ ɫɟɱɟɧɢɟ  ɤɨɥɟɧɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (3-3): 
 
 Fଷ−ଷ = hଷ ∙ B = ͳ,ͺͻ͵  ∙ ͺ,ͻͻͳ = ͳ͹,Ͳʹ ˏଶ.                                           (3.44) ȼɵɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɢɮɮɭɡɨɪɚ (4-4): 
 
 ܨସ−ସ = ℎସ ∙ ሺ𝐵ଵሻ = ͵,͹Ͳʹ ∙ ͺ,ͻͻͳ = ͵͵,ʹͺ ˏଶ.                                       (3.45) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ  ܪ௣: 
 
 Q୫a୶ = Nଽ.଼ଵ∙Hp∙ηː ˓.˕. = ଻଻଴଴଴ଽ.଼ଵ∙ଽ଼,ହ∙଴,ଽଷଷହ = ͺͷ,͵͸ ˏଷ ˔⁄ ,                                (3.46) 
 




ɋɪɟɞɧɢɟ ɦɟɪɢɞɢɚɧɧɵɟ ɫɤɨɪɨɫɬɢ ɢ ɫɪɟɞɧɢɟ ɭɞɟɥɶɧɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɷɧɟɪɝɢɢ 
ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɹɯ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ Нɪ ɢ ɪɟɠɢɦɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɫɯɨɞɚ ɩɪɢ ɇɪ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
 
 Vi−i = ୕kFi−i                                                                                                    (3.47) 
 
 Vଵ−ଵ = ଼ହ,ଷ଺଻,଴଺ହ = ͳʹ,Ͳͺ       
 
  Vଶ−ଶ = ଼ହ,ଷ଺ଵ଴,଺଻ = ͺ 
 
  Vଷ−ଷ = ଼ହ,ଷ଺ଵ଻,଴ଶ = ͷ,Ͳʹ 
 
   Vସ−ସ = ଼ହ,ଷ଺ଷଷ,ଶ଼ = ʹ,ͷ͸ 
 
  Ei−i = ଵ଴଴∙Vi−iమሺଶg∙Hpሻ                                                                                                      (3.48) 
 
  Eଵ−ଵ = ଵ଴଴∙ଵଶ,଴଼మሺଶ∙ଽ.଼ଵ∙ଽ଼,ହሻ = ͹,ͷͷ          
 
  Eଶ−ଶ = ଵ଴଴∙଼మሺଶ∙ଽ.଼ଵ∙ଽ଼,ହሻ = ͵,͵ͳ       
 
  Eଷ−ଷ = ଵ଴଴∙ହ,଴ଶమሺଶ∙ଽ.଼ଵ∙ଽ଼,ହሻ =  ͳ,͵      
 
  Eସ−ସ = ଵ଴଴∙ଶ.ହ଺మሺଶ∙ଽ.଼ଵ∙ଽ଼,ହሻ = Ͳ,͵Ͷ        
 
 l଴ = Ͳ ˏ;  
 
 lଵ = l଴ + hଵ = Ͳ + ʹ,͹ʹͶ = ʹ,͹ʹͶ  ˏ;                                                           (3.49) 
 
 lଶ = lଵ + Lଵ = ʹ,ʹ͹Ͷ + Ͷ,͸Ͷ͹ = ͸,ͻʹͳ ˏ;                                                    (3.50) 
 
 lଷ = lଶ + Lଶ = ͸,ͻʹͳ + ͺ,Ͷ͵ = ͳͷ,͵ͷͳ ˏ                                                      (3.51) 
 






Ɍɚɛɥɢɰɚ 3.6 – Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ 
ɋɟɱɟɧɢɟ Fi−i, ˏଶ Vi−i,୫a୶, ɦ/ɫ Ei−i,୫a୶, ɤȾɠ li, ɦ 
1-1 7,065 12,08 7,55 0 
2-2 10,67 8 3,31 4,086 
3-3 17,02 5,02 1,33 11,06 
4-4 33,28 2,56 0,34 23,72 
 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 3.6 ɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɦɟɪɢɞɢɚɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɢ ɫɪɟɞɧɟɣ ɭɞɟɥɶɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɞɥɢɧɟ ɨɬɫɚɫɵɜɚɸɳɟɣ 
ɬɪɭɛɵ ɬɭɪɛɢɧɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 3.3 ɢ 3.4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
 Ɋɢɫɭɧɨɤ 3.3 − Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɦɟɪɢɞɢɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨ 
ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɟ 
 
 Ɋɢɫɭɧɨɤ 3.4 − Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɭɞɟɥɶɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 


















































  Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜ 
ɩɨɫɬɪɨɟɧɢɢ ɷɫɤɢɡɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
 
3.3 Ɋɚɡɪɚɛɨɬɤɚ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ 
 
3.3.1 ȼɵɛɨɪ ɬɢɩɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 
 ܵːˑˏ = 𝑁𝑎௖௢௦𝜑 = ଻଻଴.ଽ = ͺͷ.ͷ MB ∗ A                                                               (3.52) 
 
ɝɞɟ  cos  =0,9. 
 
ɑɢɫɥɨ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 
 ݌ = ଶ∗௙∗଺଴௡೎                                                                                                  (3.53) 
 
ɝɞɟ  nc − ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 
 
 ɇɨɦɢɧɚɥɶɧɚɹ ɤɚɠɭɳɚɹɫɹ ɦɨɳɧɨɫɬɶ: 
 
 Sː = Nˆˈːc୭ୱ φ = ଻ଵ,଼଼଴,ଽ = ͹ͻ,ͺ͹ ʛʑ ∙ ʏ                                                            (3.54)           
ȼɵɛɢɪɚɟɦ ɝɟɧɟɪɚɬɨɪ ɋȼ-640/170-24 
 
Ɍɚɛɥɢɰɚ 3.7 – Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-640/170-24 ɉɚɬɨɦɫɤɨɣ Ƚɗɋ 
ɗɥɟɦɟɧɬ ɝɟɧɟɪɚɬɨɪɚ ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɬɨɪ 
ȼɵɫɨɬɚ ɤɨɪɩɭɫɚ h˔˕ 2,34 ɦ Ⱦɢɚɦɟɬɪ ɤɨɪɩɭɫɚ D˔˕ 7,5 ɦ Ⱦɢɚɦɟɬɪ ɚɤɬɢɜɧɨɣ 
ɫɬɚɥɢ Da 6,4 ɦ 
ȼɟɪɯɧɹɹ ɤɪɟɫɬɨɜɢɧɚ ȼɵɫɨɬɚ h˅.ˍ. 1,06 ɦ 
ɉɨɞɩɹɬɧɢɤ ȼɵɫɨɬɚ h˒ 1,06 ɦ Ⱦɢɚɦɟɬɪ ɤɨɠɭɯɚ D˒ 1,06 ɦ 
ɇɢɠɧɹɹ ɤɪɟɫɬɨɜɢɧɚ ȼɵɫɨɬɚ hɧ.ɤ 0,495 Ⱦɢɚɦɟɬɪ ɥɭɱɟɣ Dɧ.ɤ 4,9 
ɇɚɞɫɬɪɨɣɤɚ ȼɵɫɨɬɚ h଴ 0,40 ɦ Ⱦɢɚɦɟɬɪ d଴ 1,06 ɦ 
44 
 
3.3.2 ȼɵɛɨɪ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɝɚɛɚɪɢɬɚɦ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɝɢɞɪɨɬɭɪɛɢɧ ɹɜɥɹɟɬɫɹ ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ), ɪɚɡɦɟɳɟɧɢɟ 
ɤɨɬɨɪɨɣ 
ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɱɚɫɬɢ 
ɡɞɚɧɢɹ 
Ƚɗɋ.  
Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɚɱɭ ɦɚɫɥɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɭ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɭɪɛɢɧ (ɧɚɩɪɢɦɟɪ, ɫɟɪɜɨɦɨɬɨɪɨɜ ɇȺ). 
Ɇɇɍ ɫɨɫɬɨɢɬ ɢɡ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ ɢ ɫɥɢɜɧɨɝɨ ɛɚɤɚ. 
ɉɪɢɧɢɦɚɟɦ Ɇɇɍ 1,6/1-40-2,5-2 ɢɫɯɨɞɹ ɢɡ ɧɨɦɨɝɪɚɦɦɵ ɜɵɛɨɪɚ 
ɦɚɫɥɨɧɚɩɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɊɈ ɬɭɪɛɢɧ.  
 
 3.3.3 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ȼ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɜɯɨɞɹɬ: ɩɚɧɟɥɶ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ ɭɩɪɚɜɥɟɧɢɹ; ɦɟɯɚɧɢɡɦ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɮɨɪɦɢɪɭɸɳɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ 
ɩɨɥɨɠɟɧɢɸ ɫɟɪɜɨɦɨɬɨɪɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ; ɤɨɦɚɧɞɨɚɩɩɚɪɚɬ ɫ ɩɭɬɟɜɵɦɢ 
ɤɨɧɬɚɤɬɚɦɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɫɟɪɜɨɦɨɬɨɪɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ.         
ɉɪɢɧɢɦɚɟɦ ɗȽɊ −100(150)−3. 
 
3.3.4 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
  
ȼɚɥ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜɨɫɩɪɢɧɢɦɚɟɬ ɧɚɝɪɭɡɤɭ ɜ ɜɢɞɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, 
ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɨɬ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɪɨɬɨɪɭ ɝɟɧɟɪɚɬɨɪɚ, ɢ ɜ ɜɢɞɟ ɨɫɟɜɵɯ ɫɢɥ, 
ɨɩɪɟɞɟɥɹɸɳɢɯ ɜɟɫɨɦ ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɫɟɜɵɦɢ 
ɭɫɢɥɢɹɦɢ ɧɚ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɨɬ ɩɨɬɨɤɚ ɜɨɞɵ. ɉɨɷɬɨɦɭ ɞɢɚɦɟɬɪ ɜɚɥɚ ɩɪɢɧɢɦɚɸɬ 
ɢɡ ɭɫɥɨɜɢɹ: 
  ܦ˅ ൒ ሺͷ,ͳ· ʛˍ˓[𝜏ˇˑ˒]ሻ଴,ଷଷ (ɦ),                                                                   (3.55) 
ɝɞɟ  𝜏ˇˑ˒-ɩɪɢɧɢɦɚɟɦ 0,33 ,  
 ʛˍ˓ − ˍ˓˖˕я˜ˋˌ ˏˑˏˈː˕ 
 ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ · 𝑁௡˔ˋː˘ = Ͳ,ͲͲͻ͹Ͷ · ଻଻଴଴଴ଶହ଴ = ʹ,ͻͻ                                       (3.56) 




3.3.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ 
 
 ȼɛɥ = (4−4,5) ∙ D1 = 4 ∙ 3 =12 ɦ                                                                   (3.57)  
                                           
ɝɞɟ  ȼɛɥ – ɲɢɪɢɧɚ ɚɝɪɟɝɚɬɧɨɝɨ ɛɥɨɤɚ 
 
 Ɇ(1,25 – 1,30) ∙ ȼɛɥ = 1,25 ∙ 12 = 15 ɦ                                                       (3.58) 
           
ɝɞɟ  M− ɲɢɪɢɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɢ 
 
 L= ȼɛɥ ∙ nɚɝɪ + M =12 ∙ 4 + 15 = 63 ɦ                                                          (3.59)   
                
ɝɞɟ  L – ɞɥɢɧɚ ɡɞɚɧɢɹ Ƚɗɋ 
       nɚɝɪ – ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ 
ɉɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ: 
 





























4. Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 
4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ: 
 
 ܳ˓ = ܳ୫a୶ ˑ˔ː − ܳʒЭʠ = ʹͻͷͲ,ͷ − ሺͶ − ͳሻ ∙ ͺʹ,͸ = ʹ͹Ͳʹ,͹ ˏଷ ˔⁄ ,            (4.1) 
 
ɝɞɟ  ܳ௠௔௫ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɫ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ 
0,1%. Ⱦɥɹ ɫɨɨɪɭɠɟɧɢɣ I ɤɥɚɫɫɚ ɋɇɢɉ [2,ɬɚɛɥɢɰɚ 2]; 
   ܳʒЭʠ −  ɪɚɫɯɨɞ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ Ƚɗɋ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ. 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ ɛɭɞɟɬ ɪɚɜɟɧ: 
 
 ݍ˅ = ͳ,ʹͷ ∙ ݍ˓ ,                                                                                              (4.2) 
 
ɝɞɟ  ݍ˓ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ: 
 
 ݍ˓ = [ߥℎ] ∙ ℎʜʐ,                                                                                              (4.3) 
 
ɝɞɟ  ℎʜʐ − ɝɥɭɛɢɧɚ ɜ ɇȻ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɪɚɮɢɤɭ Q = f (∇ɍɇȻ), ∇ɍɇȻ = 220 ɦ, ɬɨɝɞɚ  
 
 ℎʜʐ = ∇ʢʜʐ − ∇ˇː˃ = ʹʹͲ − ʹͳͲ = ͳͲ ˏ                                              (4.4) 
 [ߥℎ]  − ɞɨɩɭɫɬɢɦɚɹ ɧɟɪɚɡɦɵɜɚɸɳɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɞɥɹ ɫɤɚɥɵ ɪɚɜɧɚɹ 6 ɦ/ɫ. 
 




 ݍ˅ = ͳ,ʹͷ ∙ ͺͲ = ͳͲͲ ˏଶ ˔.⁄                                                                         (4.6) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɪɚɜɧɚ: 
 
 ʑ = 𝑄˓௤˅ = ଶ଻଴ଶ,଻ଵ଴଴ = ʹ͹,Ͳʹ ˏ.                                                                           (4.7) 
 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɞɥɢɧɟ 




 ݊ = ʑ௕ = ଶ଻,଴ଶଵସ = ͳ,ͻ͵ ≈ ʹ.                                                                                (4.8) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 
 ݊ = ʑ௕ = ଶ଻,଴ଶଵସ = ͳ,ͻ͵ ≈ ʹ.                                                                              (4.9) 
 
 ʑ = ܾ ∙ ݊ = ͳͶ ∙ ʹ = ʹͺ ˏ.                                                                           (4.10) 
 
Ȼɵɤ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɡɪɟɡɧɵɦ. ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɢ Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨ 
ɟɝɨ ɲɢɪɢɧɚ ɪɚɜɧɚ: 
 
 ߜʐ = Ͳ,ʹͳ ∙ ܾ + Ͳ,ͷ͸ = Ͳ,ʹͳ ∗ ͳͶ + Ͳ,ͷ͸ =  ͵,ͷ ˏ.                                     (4.11) 
 
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɮɨɪɦɭ ɞɥɹ ɭɥɭɱɲɟɧɧɨɝɨ 
ɨɛɬɟɤɚɧɢɹ. 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɪɚɡɦɟɪɨɜ ɛɵɤɨɜ ɜ ɩɥɚɧɟ: 
 
 ʑ˅ = ʑ + ሺ݊ − ͳሻ ∙ ߜʐ = ʹͺ + ሺʹ − ͳሻ ∙ ͵,ͷ = ͵ͳ,ͷ ˏ.                            (4.12) 
 
4.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ. 
 
ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɧɵɣ ɧɚɩɨɪ 
ɧɚ ɜɨɞɨɫɥɢɜɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬ.ɟ. ɛɟɡ ɭɱёɬɚ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ 
ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ: 
 ܪ଴ଵ = ( 𝑄˓௠∙𝐵∙√ଶg)ଶ ଷ⁄ ,                                                                                     (4.13) 
 
ɝɞɟ  m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɞɥɹ ɩɪɨɮɢɥɹ ɨɝɨɥɨɜɤɚ ɛɟɡɜɚɤɭɭɦɧɨɣ 
ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ ɬɢɩɚ Ⱥ m ≈ 0,49 (Ɋɢɫ. 4.1). 
 
 H଴ଵ = ቀ ଶ଻଴ଶ,଻଴,ସଽ∙ଶ଼∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͳʹ,ͷͷˏ., 
 
ɉɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱёɬɨɦ ɛɨɤɨɜɨɝɨ 
ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ,: 
 
 ܪ଴ଶ = ( 𝑄˓௠∙ఌ∙𝜎೙∙𝐵∙√ଶg)ଶ ଷ⁄ ,                                                                              (4.14) 
 
ɝɞɟ ߝ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ; 
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  𝜎௡  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ ɧɟɬ ɢ 𝜎௡= 1; 
 
 
Ɋɢɫɭɧɨɤ – 4.1 – ȼɨɞɨɫɥɢɜɧɚɹ ɫɬɟɧɤɚ ɧɨɪɦɚɥɶɧɨɝɨ ɨɱɟɪɬɚɧɢɹ (ɬɢɩ Ⱥ) 
 
 ߝ = ͳ − Ͳ,ʹ ∙ 𝜉+ሺ௡−ଵሻ∗𝜉బ௡ ∙ 𝐻బభ௕ .                                                                     (4.15) 
 
ɝɞɟ  ߦ = 0,7 – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɪɭɝɥɟɧɢɟ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɪɟɛɟɪ ɭɫɬɨɹ; 
  ߦ଴ = 0,45 – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɮɨɪɦɵ ɛɵɤɚ ɜ ɩɥɚɧɟ ɪɢɫɭɧɨɤ 4.2 
 
Ɋɢɫɭɧɨɤ 4.2 – Ɏɨɪɦɚ ɛɵɤɚ ɜ ɩɥɚɧɟ 
 
 ߝ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଶ−ଵሻ∗଴,ସହଷ ∙ ଵଶ,ହହଵସ = Ͳ,ͻ;   
 
 ܪ଴ଶ = ቀ ଶ଻଴ଶ,଻଴,ସଽ∙଴,ଽ∙ଵ∙ଶ଼∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͳ͵,Ͷ͸ˏ., 
 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɩɨɬɨɤɚ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ ω ɢ 
ɩɪɨɜɟɪɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ ω > ͶBH, ɩɪɢ ɟɝɨ ɫɨɛɥɸɞɟɧɢɢ ɫɤɨɪɨɫɬɶɸ 
ɩɨɞɯɨɞɚ ɜɨɞɵ ɤ ɜɨɞɨɫɥɢɜɭ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ.   
 




ɝɞɟ   ʐ˄ – ɬɨɥɳɢɧɚ ɛɵɤɚ; 
 
 ω = ሺ͵ʹʹ − ʹͳͲሻ ∙ [ʹͺ + ሺʹ − ͳሻ ∙ ͵,ͷ] = ͵ͷʹͺ ˏଶ, 
 
 Ͷ𝐵ܪ = Ͷ ∙ ሺʹͺ + ሺʹ − ͳሻ ∙ ͵,ͷሻ ∙ ͳ͵,Ͷ͸ = ͳ͸ͻ͸ˏଶ.                                (4.17) 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɩɨɷɬɨɦɭ ɫɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɦɨɠɧɨ ɧɟ ɭɱɢɬɵɜɚɬɶ ɢ 
ɫɱɢɬɚɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ ɪɚɜɧɵɦ ɩɨɥɧɨɦɭ ɧɚɩɨɪɭ. 
Ɉɩɪɟɞɟɥёɧɧɵɣ  ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɨɤɪɭɝɥɹɟɦ ɞɨ ɛɥɢɠɚɣɲɟɝɨ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ: 
 
 ܪ˔˕ = ͳͶ ˏ., 
 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 
 ∇ʒʑ = ∇ʜʞʢ − ܪ˔˕ = ͵ʹʹ − ͳͶ = ͵Ͳͺ ˏ.                                             (4.18) 
 
4.1.3 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ 
 
ɉɪɨɜɟɪɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ 
ɩɥɨɬɢɧɵ. ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ: 
 
 ܳ˓.˒ˑ˅ = ܳ˒ˑ˅.௠௔௫ − ܳʒЭʠ = ͵ʹͶͶ,ͻ − ሺͶ − ͳሻ ∙ ͺʹ,͸ = ʹͻͻ͹,ͳ ˏଷ ˔ ⁄ . (4.19) 
 
ɝɞɟ  ܳ˒ˑ˅.௠௔௫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɦ ɪɚɫɱɟɬɨɦ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɪɟɜɵɲɟɧɢɹ 0,01%. 
Ⱦɥɹ ɫɨɨɪɭɠɟɧɢɣ I ɤɥɚɫɫɚ ɋɇɢɉ [2,ɬɚɛɥɢɰɚ 2]; 
 Ɉɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɪɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɯɨɞɚ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɛɟɡ ɭɱɟɬɚ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɩɨɬɨɤɚ ɢ ɩɨɞɬɨɩɥɟɧɢɹ 
ɜɨɞɨɫɥɢɜɚ: 
 
 ܪ଴ଵ˒ˑ˅. = ( 𝑄˓.˒ˑ˅௠∙𝐵∙√ଶg)ଶ ଷ⁄ = ቀ ଶଽଽ଻,ଵ଴,ସଽ∙ଶ଼∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͳ͵,Ͷͷ ˏ.                           (4.20) 
 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɨɪ ܪ଴ଶ˒ˑ˅. ɫ ɭɱɟɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɩɨɬɨɤɚ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ: 
 




 ߝ = ͳ − Ͳ,ʹ ∙ 𝜉+ሺ௡−ଵሻ∗𝜉బ௡ ∙ 𝐻బభ˒ˑ˅.௕                                                                   (4.22) 
 
 ߝ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଶ−ଵሻ∗଴,ସହଶ ∙ ଵଷ,ସହଵସ = Ͳ,ͺͻ, 
 
 ܪ଴ଶ˒ˑ˅. = ቀ ଶଽଽ଻,ଵ଴,ସଽ∙଴,଼ଽ∙ଵ∙ଶ଼∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͳͶ,ͷ͵ ˏ. 
 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ (ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ݒ଴) ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
 
 ܪ˒ˑ˅ = ܪ଴ଶ˒ˑ˅ − ఈ∗௩˒ˑ˅మଶ∗௚ = ͳͶ,ͷ͵ − ଵ,ଵ∗଴,଼ସమଶ∗ଽ,଼ଵ = ͳͶ,Ͷͻ                                  (4.23) 
 
 ݒ˒ˑ˅ = 𝑄˒ˑ˅.೘𝑎𝑥ሺ∇ʣʞʢ−∇ʓʜʏሻ∗𝐵 = ଶଽଽ଻,ଵሺଷଶଷ−ଶଵ଴ሻ∗ଷଵ,ହ = Ͳ,ͺͶ                                          (4.24) 
 
Ɋɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ Ɏɉɍ: 
 
 ∇ʣʞʢ˓ = ∇ʒʑ + ܪ˒ˑ˅ = ͵Ͳͺ + ͳͶ,Ͷͻ = ͵ʹʹ,Ͷͻ ˏ < ͵ʹ͵ˏ.                  (4.25) 
 
Ɂɚɞɚɧɧɚɹ Ɏɉɍ=323ɦ ɧɟ ɩɪɟɜɵɲɚɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɜɨɞɨɫɥɢɜɚ ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɩɪɨɩɭɫɤɚ ɪɚɫɯɨɞɚ ܳ˒ˑ˅ = 2997,1 ɦ3/ɫ. 
 
 4.1.4 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ 
 
ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɨɥɧɭɸ 
ɷɧɟɪɝɢɸ ɢ ɱɟɪɟɡ ɧɟɟ ɩɨ ɝɪɚɮɢɤɭ [3] ɪɚɫɫɱɢɬɚɬɶ ɝɥɭɛɢɧɭ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ሺℎ′˔) ɢ ɜɬɨɪɨɭ ɫɨɩɪɹɠɟɧɧɨɣ ɝɥɭɛɢɧɵ ሺℎ′˔′ሻ, ɤɨɬɨɪɭɸ ɫɥɟɞɭɟɬ ɫɪɚɜɧɢɬɶ ɫ ɛɵɬɨɜɨɣ 
ɝɥɭɛɢɧɨɣ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ሺℎʜʐሻ ɢ ɩɨ ɢɯ ɫɨɨɬɧɨɲɟɧɢɸ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ (ɬɢɩ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ) (ɪɢɫ. 4.3). 
Ɉɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ. 
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 Ɋɢɫɭɧɨɤ 4.3 – Ʉ ɪɚɫɱɟɬɭ ɜɢɞɚ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ 
 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɚɸ ɝɥɭɛɢɧɚ: 
 
 ℎˍ˓ = √ఈ𝑄మ˓𝐵మ˅gయ = √ଵ,ଵ∙ଶ଻଴ଶ,଻మଷଵ,ହమ∙ଽ,଼ଵయ = ͻ,͵ͺˏ.                                                         (4.26) 
ɝɞɟ   ߙ– ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ; 
  ܳ˓ – ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ (ɮɨɪɦɭɥɚ 
4.1); 
  𝐵˅ – ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɪɚɡɦɟɪɨɜ ɛɵɤɨɜ ɜ ɩɥɚɧɟ (ɮɨɪɦɭɥɚ 4.12). 
 
ȼɵɱɢɫɥɹɟɬɫɹ ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 
 ܧ଴ = ∇ʒʑ − ∇ˇːˑ + ܪ଴ = ͵Ͳͺ − ʹͳͲ + ͳͶ = ͳͳʹ ˏ.                               (4.27) 
 
Ɉɩɪɟɞɟɥɹɟɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ: 
 
 ߦ଴ = ாబℎˍ˓ = ଵଵଶଽ,ଷ଼ = ͳͳ,ͻͶ.                                                                              (4.28) 
 
Ⱦɥɹ ɩɥɨɬɢɧ, ɢɦɟɸɳɢɯ ɛɨɥɶɲɭɸ ɞɥɢɧɭ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɤɨɪɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ  𝜑 = Ͳ,ͻ . 
ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 𝜑 = Ͳ,ͻ ɢ ߦ଴ = ͳͳ,ͻͶ  ɨɩɪɟɞɟɥɹɟɦ: 
 
 ߦ˔ = Ͳ,ʹ͵, 
 






 ℎ௖′ = ߦ˔ℎˍ˓ = Ͳ,ʹ͵ ∙ ͻ,͵ͺ = ʹ,ͳ͸ˏ,                                                              (4.29) 
 
 ℎ′˔′ = ߦ ′˔′ℎˍ˓ = ʹ,ͺ͵ ∙ ͻ,͵ͺ = ʹ͸,ͷͷˏ.                                                        (4.30) 
 
ɉɪɢ ɭɫɥɨɜɢɢ ℎ௖′′ = ʹ͸,ͷͷ > ℎʜʐ = ͳͲˏ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɵɠɨɤ-ɨɬɨɝɧɚɧɧɵɣ ɢ ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ 
 
4.1.5 Ɋɚɫɱɟɬ ɝɚɫɢɬɟɥɹ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɨɬɛɪɨɫɚ ɫɬɪɭɢ 
 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɜ ɤɨɧɰɟ ɜɨɞɨɫɥɢɜɚ ɭɫɬɪɚɢɜɚɸɬ ɜɵɫɨɤɢɣ 
ɭɫɬɭɩ ɫ ɧɨɫɤɨɦ-ɬɪɚɦɩɥɢɧɨɦ. ɋɬɪɭɹ, ɫɯɨɞɹɳɚɹ ɫ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ, ɨɬɥɟɬɚɟɬ ɧɚ 
ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɜɨɞɨɫɛɪɨɫɚ. ȼ ɦɟɫɬɟ ɩɚɞɟɧɢɹ ɟɟ ɧɚ ɞɧɟ ɨɛɪɚɡɭɟɬɫɹ ɹɦɚ 
ɪɚɡɦɵɜɚ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ - ɨɛɟɫɩɟɱɟɧɢɟ ɨɬɛɪɨɫɚ ɫɬɪɭɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ, ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ  ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ ȽɌɋ.  
Ⱦɚɥɶɧɨɫɬɶ ɨɬɛɪɨɫɚ ɫɬɪɭɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɟɜɵɲɟɧɢɹ ɨɬɦɟɬɤɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
ɧɚɞ  ɨɬɦɟɬɤɨɣ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ, ɜɵɫɨɬɵ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ ɪɟɤɢ ɢ ɭɝɥɚ ɧɚɤɥɨɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɚɦɩɥɢɧɚ ɤ ɝɨɪɢɡɨɧɬɭ.  
Ɉɬɦɟɬɤɭ ɭɫɬɭɩɚ ɧɚɡɧɚɱɚɸɬ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ ɍɇȻ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɫɯɨɞɭ ɜɨɞɵ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ, ɧɨ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 1÷2 ɦ.  
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɍɇȻ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɯɨɞɟ ɩɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɪɚɜɧɚ 221ɦ. 
Ɉɬɦɟɬɤɚ ɭɫɬɭɩɚ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 1 ɦɟɬɪ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ ɍɇȻ 
ɢ ɪɚɜɧɚ 222ɦ. 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɜɨɞɨɫɥɢɜɟ ɪɚɜɟɧ: 
 
 ݍ = ୕𝐵+ሺ௡−ଵሻ∙ఋʐ = ଶ଻଴ଶ,଻ଶ଼+ሺଶ−ଵሻ∙ଷ,ହ = ͺͷ,ͺˏଶ/ܿ.                                                    (4.31) 
 
 ȼɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ ɜɵɱɢɫɥɹɟɬɫɹ:  
 
 ܽ = ∇ʢʠʡ − ∇ˇːˑ = ʹʹʹ − ʹͳͲ = ͳʹˏ.                                                  (4.32) 
 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɧɚɞ ɭɫɬɭɩɨɦ ɪɚɜɧɚ: 
 
 ܼଵ = ܧ଴ − ܽ = ሺ͵Ͳͺ − ʹͳͲ + ͳͶሻ − ͳʹ = ͳͲͲˏ.                                  (4.33) 
 




 ܼ଴ = ܧ଴ − ℎː.˄. = ሺ͵Ͳͺ − ʹͳͲ + ͳͶሻ − ͳͲ = ͳͲʹˏ;                              (4.34) 
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ-ɬɪɚɦɩɥɢɧɟ: 
 
 Vː = 𝜑 ∙ √ʹ݃ ∙ ܼଵ = ͳ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͳͲͲ = ͶͶ,ʹͻˏ /ܿ.                         (4.35) 
 
ȼɵɫɨɬɭ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ ɬɪɚɦɩɥɢɧɚ: 
 
 ℎː = ୯Vː = ଼ହ,଼ସସ,ଶଽ = ͳ,ͻͶˏ                                                                        (4.36) 
 
ɑɢɫɥɨ Ɏɪɭɞɚ ɪɚɜɧɨ: 
 
 ܨݎ = Vమː௚∙ℎː = ସସ,ଶଽమଽ,଼ଵ∙ଵ,ଽସ = ͳͲ͵,ͳ.                                                                     (4.37) 
 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ܮ = ܭ௔ ∙ ܼଵ ∙ 𝜑ଶ ∙ sin ʹߙ ∙ (√ͳ + ቀ௓బ௓భ − ͳቁ ∙ ଵ𝜑మ∙ୱi୬మ ఈ + ͳ) = 
 
 = Ͳ,ͺ ∙ ͳͲͲ ∙ ͳଶ ∙ sin ͸Ͳ° ∙ ቆ√ͳ + ቀଵ଴ଶଵ଴଴ − ͳቁ ∙ ଵଵమ∙ୱi୬మ ଷ଴ + ͳቇ = ͳ͸ʹ,ͳͳˏ.       (4.38) 
 
ɝɞɟ   ܭ௔ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ 0,85 ɩɪɢ ɱɢɫɥɟ ܨݎ >͵ͷ; 
    𝜑  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɪɢɧɢɦɚɟɦɵɣ 1,0 ɋɇɢɉ[2]; 
    ߙ   – ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ ɩɪɢɧɢɦɚɟɦɵɣ ߙ=30°. 
ɉɪɨɜɟɪɹɟɬɫɹ ɭɫɥɨɜɢɟ ɛɟɡɨɩɚɫɧɨɝɨ ɨɬɛɪɨɫɚ ɫɬɪɭɢ. Ⱦɥɹ ɩɪɨɱɧɨɝɨ ɨɫɧɨɜɚɧɢɹ 
ɛɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬɛɪɨɫɚ ɫɬɪɭɢ: ܮ = ͹ʹ,Ͳͷ ˏ > 0,4∙ ܼ଴=40,8 ɦ, ɭɫɥɨɜɢɟ ɫɨɛɥɸɞɚɟɬɫɹ. 
   Ƚɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ:  
 ݐ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √ܨݎర ൯ ∙ √ܨݎ ∙ √ℎː.˄.ௗర ℎː = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √ͳͲʹర ൯ ∙ √ͳͲʹ ∙              √ଵ଴ଵర ∙ ͳ,ͻͶ = ͷ͵,͵ͳˏ.                                                                                   (4.39) 
  
ɝɞɟ   ݀ – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɟɣ ɜ ɫɤɚɥɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨ 1. 
 
 ℎ˓˃ˊˏ = ݐ − ℎː.˄. = ͷ͵,͵ͳ − ͳͲ = Ͷ͵,͵ͳˏ                                                  (4.40) 
 




 tan ߙଵ = √tanଶ ߙ + ଶ∙௚∙ሺ଴,ହ∙ℎː∙c୭ୱ ఈ+௔−ℎː.˄.ሻVమː∙c୭ୱమ ఈ = 
 
 = √tanଶ ͵Ͳ + ଶ∙ଽ,଼ଵ∙ሺ଴,ହ∙ଵ,ଽସ∙c୭ୱ ଷ଴+ଵଶ−ଵ଴ሻସସ,ଶଽమː∙c୭ୱమ ଷ଴ = Ͳ,͸ͳ;                                              (4.41) 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
  ܮଵ = ܮ + ௧୲a୬ ఈభ = ͳ͸ʹ,ͳͳ + ହଷ,ଷଵ଴,଺ଵ = ʹͶͻ,ͷˏ.                                               (4.42) 
 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɧɚ ɭɪɨɜɧɟ ɧɟ ɪɚɡɦɵɜɚɟɦɨɝɨ 
ɝɪɭɧɬɚ: 
 
 ܾ˓ = ʹ,ͷ ∙ ℎˍ˓ + ͵,͹ ∙ ℎ˓˃ˊˏ = ʹ,ͷ ∙ ͻ,͵ͺ + ͵,͹ ∙ Ͷ͵,͵ͳ = ͳ͹ͻ,Ͳͳˏ.        (4.43) 
 
  Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɩɨ ɞɧɭ ɹɦɵ ɪɚɡɦɵɜɚ: 
 
 ʹ,ͷ ∙ ℎˍ˓ = ʹ,ͷ ∙ ͻ,͵ͺ = ʹ͵,Ͷͷ ˏ                                                               (4.44) 
 
4.1.6 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
ɉɨ ɩɪɨɟɤɬɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ = ܪ˔˕ ɨɩɪɟɞɟɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ  ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɨɝɨɥɨɜɤɚ ɩɥɨɬɢɧɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. Ɍɚɛɥɢɱɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɭɦɧɨɠɚɸɬɫɹ 
ɧɚ ܪ˔˕. Ɋɚɫɱɟɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.1. ɉɪɢɜɟɞёɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɱɟɪɬɚɧɢɹ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ (ɫɬɟɧɤɢ 
Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ) 
 
Ɍɚɛɥɢɰɚ 4.1 – Ʉɨɨɪɞɢɧɚɬɵ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ 
№ 
ɬɨɱɤɢ ɏ, ɦ Y, ɦ 
№  
ɬɨɱɤɢ ɏ, ɦ Y, ɦ 
№   
ɬɨɱɤɢ ɏ, ɦ Y, ɦ 
1 0 -1.764 15 19.6 -7.896 29 39.2 -34.468 
2 1.4 -0.504 16 21 -9.254 30 40.6 -36.54 
3 2.8 -0.098 17 22.4 -10.696 31 42 -39.536 
4 4.2 0 18 23.8 -12.222 32 43.4 -42.182 
5 5.6 -0.084 19 25.2 -13.818 33 44.8 -44.898 
6 7 -0.378 20 26.6 -15.512 34 46.2 -47.67 
7 8.4 -0.84 21 28 -17.29 35 47.6 -50.526 
8 9.8 -1.4 22 29.4 -19.166 36 49 -53.452 
9 11.2 -1.96 23 30.8 -21.112 37 50.4 -56.434 




Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.1 
11 14 -3.584 25 33.6 -25.116 39 53.2 -62.594 
12 15.4 -4.494 26 35 -27.44 40 54.6 -65.772 
13 16.8 -5.516 27 36.4 -29.708 
14 18.2 -6.65 28 37.8 -31.92 
 
 
Ɋɢɫɭɧɨɤ 4.4 – Ɉɱɟɪɬɚɧɢɟ ɨɝɨɥɨɜɤɚ ɩɥɨɬɢɧɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ 
 
Ɋɚɞɢɭɫ ɫɨɩɪɹɠɟɧɢɹ ɩɥɨɬɢɧɵ ɫ ɧɢɠɧɢɦ ɛɶɟɮɨɜ: 
 
 ܴ = Ͳ,ʹ ∙ ሺܪ˔˕ + ܲ˅ ሻ = Ͳ,ʹ ∙ ሺͳͶ + ͻͺሻ = ʹʹ,Ͷ ˏ                                        (4.45) 
 
ɝɞɟ   ܪ˔˕ – ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ; 
          ܲ˅ − ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
 
















4.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 
ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ. 
ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 
1) ɨɬɫɭɬɫɬɜɢɸ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɜ ɛɟɬɨɧɟ; 
2) ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
 
Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧɟɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 
ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ.  
ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɟ ɨɩɬɢɦɚɥɶɧɵɦ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɨɮɢɥɶ ɭ ɤɨɬɨɪɨɝɨ 
ɨɫɧɨɜɚɧɢɟ:  
 
 𝐵 = Ͳ,ͺ ∙ ܪ = Ͳ,ͺ ∗ ͳͳͶ = ͻʹˏ                                                                 (4.46) 
 
ɝɞɟ  ܪ – ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ; 
 
 ܪ = ߘʜʞʢ − ߘʞʝʓ. = ͵ʹʹ − ʹͲͺ = ͳͳͶ                                                (4.47) 
 
4.3 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
 
4.3.1 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
 
Ʉɨɝɞɚ ɨɫɧɨɜɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɤɚɥɚ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ 
ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ. Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 
 Ɂˊ > ∆𝐻ˊ∙ఊ೙𝐽ˍ˓.ˏ = ଺଺,ଷ∙ଵ,ଶହଵହ = ͷ,ͷ͵ˏ                                                                    (4.48) 
 
ɝɞɟ  ∆ܪˊ −ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ       ܬˍ˓.ˏ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɞɥɹ ɫɤɚɥɵ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ 15 (ɋɇɢɉ [4]);       ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ (ɋɇɢɉ [2]). 
ɉɨɬɟɪɢ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ: 
 




ɝɞɟ  ܪௗ −ɞɟɣɫɬɜɭɸɳɢɣ ɧɚɩɨɪ; 
 
Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 ܪௗ = ∇ʜʞʢ − ∇ʢʜʐmin = ͵ʹʹ − ʹͳͳ,ͷ = ͳͳͲ,ͷ                                                       (4.50) 
 
 ∆ܪˊ = Ͳ,͸ ∙ ͳͳͲ,ͷ = ͸͸,͵                                                                           (4.51) 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 
 lˊ = Ͳ,ͳ ∙ 𝐵 = Ͳ,ͳ ∙ ͻʹ = ͻ,ʹˏ                                                                    (4.52) 
 
ɝɞɟ 𝐵 − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ (ɩɭɧɤɬ 4.1);  
 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ = ሺͲ,ͷ − Ͳ,ͺሻ ∙ ܪ௠௔௫                                                                            (4.53) 
 
 ℎˊ = Ͳ,͸ ∙ ܪ௠௔௫ = Ͳ,͸ ∙ ͳͳͲ,ͷ = ͸͸,͵ˏ                                                    
 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɹɞɚɦɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 
3ɦ 
 
4.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ. 
 
4.4.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɦɟɯɚɧɢɡɦɨɜ. 
 
ȼɟɫ 1 ɩ.ɦ. ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ܩ˒ˎ = 𝑆˒ˎ∙௕∗௚∙γ˄௕+ఋ˄ = ହ଴ଶଶ∙ଵସ∗ଽ,଼ଵ∙ଶ,ସଵସ+ଷ,ହ = ͻͶͷͻͲ,͵͹ ˍʜ,                                       (4.54) 
 
ɝɞɟ  ܵ˒ˎ = ͷͲʹʹ ˏଶ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 





Ɋɢɫɭɧɨɤ 4.5 – Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɫɢɥɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɢ ɟɟ ɩɥɟɱɨ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ ɩɨɞɨɲɜɵ 
 
ɉɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɢ ɬɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ 
ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɨɣ  AutoCAD  ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 
ɪɟɡɭɥɶɬɚɬɚ. 
 
ȼɟɫ ɛɵɱɤɚ ɢ ɬɨɱɤɚ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
 
 ܩ˄ = 𝑆˄ ∙ఋ˄∙γ˄௕+ఋ˄ = ହ଼ଷଽ∙ଷ,ହ∙ଶ,ସଵସ+ଷ,ହ = ʹͺ͹͸ˍʜ;                                                        (4.55) 
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɱɤɚ: 
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 Ɋɢɫɭɧɨɤ 4.6 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɛɵɱɤɚ 
 
 ܵ˄ = ͷͺ͵ͻ ˏଶ. 
 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 
  ܳˊ = Ͳ,Ͳͷͷ݂√݂g = Ͳ,Ͳͷͷ ∙ ʹͳ͹ ∙ √ʹͳ͹ ∙ ͻ,ͺͳ = ͳ͹ʹͶ,͹ ˍʜ,                     (4.56) 
 
ɝɞɟ  ݂ − ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ: 
 
  ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺ͵ʹ͵ − ͵Ͳͺ + Ͳ,ͷሻ ∙ ͳͶ = ʹͳ͹ ˏଶ.     (4.57) 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɧɚ 1ɩ.ɦ: 
 
 ݍˊ = 𝑄ˊ௕+ఋ˄ = ଵ଻ଶସ,଻ଵସ+ଷ,ହ = ͻͺ,͸ ˍ ʜ ˏ⁄ .                                                           (4.58) 
 
4.4.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
ɝɢɞɪɚɜɥɢɤɢ. ɗɩɸɪɵ ɫ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɨɜɭɸ ɢ ɧɢɡɨɜɭɸ 
ɝɪɚɧɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 
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Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
 
ɨɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ: 
 
ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 
 ܶ˅ = γ˅ℎభమଶ = ଵ଴∙ଵଵସమଶ = ͸ͶͻͺͲ ˍʜ,                                                                 (4.59) 
 
 ℎଵ = ∇ʜʞʢ − ∇˒ˑˇ = ͵ʹʹ − ʹͲͺ = ͳͳͶ ˏ.                                             (4.60) 
 
ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ : 
 
 ܶː = γ˅ℎమమଶ = ଵ଴∙ଷ,ହమଶ =  ͸ͳ,͵ ˍʜ,                                                                   (4.61) 
 
 ℎଶ = ∇ʢʜʐ௠𝑖௡ − ∇˒ˑˇ = ʹͳͳ,ͷ − ʹͲͺ = ͵,ͷ ˏ.                                     (4.62) 
 
 Ɋɢɫɭɧɨɤ 4.7 – Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 
 
ɨɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ: 
ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 




 ℎଵ′ = ∇ʣʞʢ − ∇˒ˑˇ = ͵ʹ͵ − ʹͲͺ = ͳͳͷ ˏ.                                            (4.64) 
 
ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 
 ܶː′ = γ˅ℎమ′మଶ = ଵ଴∙ଵଷమଶ =  ͺͶͷ ˍʜ,                                                                   (4.65) 
 
Ɋɢɫɭɧɨɤ 4.8 – Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 
 
4.4.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ. 
 
ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɨɬ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ, ɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 
 
ɨɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ: 
 
 ܹ˅ ˊ˅ = ɀ˅ܵˠ˒ = ͳͲ ∙ ͵ʹʹ = ͵ʹʹͲ ˍʜ,                                                       (4.66) 
 
 ܵˠ˒ = ͻʹ ∙ ͵,ͷ = ͵ʹʹ ˏଶ.                                                                                (4.67) 
 




 ܹ˅ ˊ˅′ = ɀ˅ܵˠ˒′ = ͳͲ ∙ ͳͳͻ͸ = ͳͳͻ͸Ͳ ˍʜ,                                                      (4.68) 
 
 ܵˠ˒′ = ͻʹ ∙ ͳ͵ = ͳͳͻ͸ ˏଶ.                                                                         (4.69) 
 
4.4.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ. 
 
ɗɩɸɪɵ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ: 
 
ɨɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ: 
 
 ˗ܹ = ɀ˅ܵˠ˒ = ͳͲ ∙ ͳ͹ͷʹ,͹ = ͳ͹ͷʹ͹ ˍʜ,                                                  (4.70) 
 
 ܵˠ˒ = ͳ͹ͷʹ,ͷ ˏଶ.                                                                                         
 
ɨɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ: 
 
 ˗ܹ′ = ɀ˅ܵˠ˒′ = ͳͲ ∙ ͳ͸ͳ͹,͹ = ͳ͸ͳ͹͹ ˍʜ,                                                  (4.71) 
 
 ܵˠ˒ = ͳ͸ͳ͹,͹ ˏଶ. 
 
4.4.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˓ː = ːߛ ℎːݐgଶሺͶͷ − 𝜑ː ʹ⁄ ሻ = ͳ͵ ∙ ͸ ∙ ݐ݃ଶሺͶͷ − ʹͲ ʹ⁄ ሻ = ͵ͺ ˍʜ             (4.72) 
 
ɝɞɟ ːߛ = ͳ͵ ˍ ʜ ˏଶ −⁄  ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ;  𝜑ː = ʹͲ° − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ;   ℎː − ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ,  
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 
 ܧː = ሺ˓ːℎːሻ ʹ⁄ = ሺ͵ͺ ∙ ͸ሻ ʹ = ͳͳͶ ˍ ʜ ˏ⁄ .⁄                                              (4.73) 
 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 




ɝɞɟ 𝜑ˆ˓ = Ͷͷ 
 ˓′′ˆ˓ = (ːߛ ∙ ℎː + ˆߛ ˓.˅ˊ˅ ∙ ℎˆ˓൯ ∙ ݐgଶ ቀͶͷ − 𝜑ˆ˓ଶ ቁ ;                                                         (4.76) ˓′′ˆ˓ = ሺͳ͵ ∙ ͸ + ͳͶ,ͷ ∙ ʹሻ ∙ ݐgଶ (Ͷͷ − Ͷͷʹ) = ͳͺ,Ͷˍʜ 
 
ɝɞɟ  ˆߛ ˓.˅ˊ˅ − ˖ˇˈˎ˟ː˞ˌ ˅ˈ˔ ˅ˊ˅ˈ˛˃ːːˑˆˑ ˆ˓˖ː˕˃: 
  ˆߛ ˓.˅ˊ˅ = ɀ˔˖˘ − ሺͳ − ݊ሻ ∙ ɀ୵ = ʹʹ − ሺͳ − Ͳ,ʹͷሻ ∙ ͳͲ = ͳͶ,ͷ ˍʜ             (4.77) 
 
ɝɞɟ  ݊ = Ͳ,ʹͷ 
        ʔ˃˅ = ܵˠ˒ = ͵ͳ,ͺˍʜ                                                                                     (4.78) 
 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɧɚ ɩɥɨɬɢɧɭ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ: 
ɇɚ ɭɪɨɜɧɟ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 ˓′′˒ː = (ˆߛ ˓.˅ˊ˅ ∙ ℎˆ˓൯ ∙ ݐgଶ ቀͶͷ + 𝜑ˆ˓ʹ ቁ = ሺͳͶ,ͷ ∙ ʹሻ ∙ ݐgଶ (Ͷͷ + Ͷͷʹ) =  
 = ͳ͸ͻ ˍʜ                                                                                                     (4.79) 
 ʔ˒ː = ˓′′˒ːଶ ∙ ℎˆ˓ = ଵ଺ଽଶ ∙ ʹ = ͳ͸ͻˍʜ                                                            (4.80) 
 
4.4.4 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ. 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɥɭɱɚɟ: 
 
 ܹ˅ ˑˎː = Ͳ,ͷɀ˅ℎଵ% ቀఒ̅గ + ℎబଶ ቁ = Ͳ,ͷ ∙ ͳͲ ∙ Ͳ,͵͹ ∙ ቀଷ,ଶ଼ଷ,ଵସ + ଴,ଵଷଶ ቁ = ʹ,Ͳͷ ˍʜ,  (4.81) 
 
 ℎ଴ = గℎభ%మఒ̅ = ଷ,ଵସ∙଴,ଷ଻మଷ,ଶ଼ = Ͳ,ͳ͵ ˏ.                                                                   (4.82) 
 
ɝɞɟ ℎଵ% −ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 
       ̅ߣ −ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ: 
 




 ܹ˅ ˑˎː = Ͳ,ͷɀ˅ℎଵ% ቀఒ̅గ + ℎబଶ ቁ = Ͳ,ͷ ∙ ͳͲ ∙ Ͳ,͵ͷ ∙ ቀଷ,଴ଶଷ,ଵସ + ଴,ଵଶଶ ቁ = ͳ,͹ͻʙː    (4.83) 
 
 ℎ଴ = గℎభ%మఒ̅ = ଷ,ଵସ∙଴,ଷହమଷ,଴ଶ = Ͳ,ͳʹ ˏ.                                                                 (4.84) 
 
ɝɞɟ ℎଵ% −ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 
        ̅ߣ −ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ: 
 








 ˖˔ = ఒ̅ଶగ − ଷ଼ ℎଵ% = ଷ,଴ଶଶ∙ଷ,ଵସ − ଷ଼ ∙ Ͳ,͵ͷ = Ͳ,͵ͷ ˏ.                                              (4.86) 
 
4.5 ɋɬɚɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
4.5.1 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ 4.2, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɦ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 
 
Ɍɚɛɥɢɰɚ 4.2 – ɋɛɨɪ ɧɚɝɪɭɡɨɤ 
Ɉɛɨɡɧɚɱɟɧɢɟ 




Ɇɨɦɟɧɬ, ˍʜ ∙ ˏ ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ˍʜ ∙ ˏ 
2 3 4 5 6 7 8 9 10 ܶ˅  1  ͸ͳͻͺͲ 38,8 1521224 64125 39,1 1585488 ܶː  1  ͸ͳ,͵ 0,46 28 845 3,62 3059 ܩ˄ 0,95  ʹͺͲͲ 16,7 46760 ʹͺͲͲ 16,7 46760 ܩ˒ˎ 0,95  ͻͶͷͻͲ 14,72 1390473 ͻͶͷͻͲ 14,72 1390473 ܹ˅ ˊ˅ 1 ↑ ͵ʹʹͲ 0 0 11960 0 0 ˗ܹ 1 ↑ ͳ͹ͷʹ͹ 23,3 408379 16177 23,3 376924 ܧː 1,2  114 3 342 114 3 342 ܧ˃˅ 1,2  31,8 2 291,6 31,8 2 291,6 ܧ˒ː 1,2  169 0,7 11,55 169 0,7 11,55 ܹ˅ ˑˎː 1  2,05 112 234 4 112,83 451 ݍଷ 0,9  98,6 37 3648 98,6 37 3648 




ȼɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɩɥɨɬɢɧɵ. 
 
Ɉɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ: 
 
ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 
 𝜎௨˖ = − 𝑁௕೏ + ଺∑ʛ௕೏మ = − ଻ଵଽଵଵଽଶ + ଺∙ሺସ଼ଽଶ଻଴ሻଽଶమ = −Ͷ͵ͷˍʞ˃;                                            (4.87) 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 
 𝜎௫௨ = 𝜎௬௨݉௨ଶ − ߛ௪ܪௗ௨ሺͳ − ݉௨ଶሻ = −Ͷ͵ͷ ∙ Ͳଶ − ͳͲ ∙ ͳͳͶ ∙ ሺͳ − Ͳሻ =    
                                                                
 = −ͳͳͶͲˍʞ˃;                                                                                            (4.88) 
 
 ܪௗ௨ = ߘʜʞʢ − ߘ˒ˑˇ = ͵ʹʹ − ʹͲͺ = ͳͳͶ                                                 (4.89) 
 
ɝɞɟ  ܪௗ௨ −ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ; 
            ݉௨ −ɭɤɥɨɧ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ;    ߛ௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 
 𝜏௫௬௨ = (ߛ௪ܪௗ௨ + 𝜎௬௨൯݉௨ = ሺͳͲ ∙ ͳͳͶ − ͵ͺͶሻ ∙ Ͳ = Ͳ;                              (4.90) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଵ௨ = 𝜎௬௨ሺͳ + ݉௨ଶሻ + ߛ௪ܪௗ௨݉௨ଶ = −Ͷ͵ͷ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͳͳͶ ∙ Ͳ =         
                                                                             
 = −Ͷ͵ͷ ˍʞ˃;                                                                                             (4.91) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଷ௨ = −ߛ௪ʜௗ௨ = −ͳͲ ∙ ͳͳͶ = −ͳͳͶͲ ˍʞ˃;                                              (4.92) 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɚɯ ɤɨɧɬɚɤɬɧɨɝɨ ɫɟɱɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ 
ɝɪɚɧɢ: 
 
 𝜎௖௨ = ሺଵ+௠𝑢మ ሻଶ {𝜎௬௨[ܿ݋ݏʹሺߙ − ߜሻ + ͳ] + ߛ௪ℎ [ܿ݋ݏʹሺߙ − ߜሻ − ଵ−௠𝑢మଵ+௠𝑢మ]} ;     (4.93) 
 
 𝜎௖௨ = ሺଵ+଴ሻଶ ∙ {−͵ͺͶ[ܿ݋ݏʹሺͲ − Ͳሻ + ͳ] + ͳͲ ∙ ͳͳͶ ∙ [ܿ݋ݏʹሺͲ − Ͳሻ − ଵ−଴ଵ+଴]} = 
                                                                                           
66 
 
 = −Ͷ͵ͷ ˍʞ˃; 
 
ɝɞɟ  ߙ −ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɢ ɜɟɪɬɢɤɚɥɶɸ; 
  ߜ − ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ ɩɨɞɨɲɜɵ ɢ ɝɨɪɢɡɨɧɬɚɥɶɸ; 
 
ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 
 𝜎௬௧ = − 𝑁௕೏ − ଺∑ʛ௕೏మ = − ଻ଵଽଵଵଽଶ − ଺∙ሺସ଼ଽଶ଻଴ሻଽଶమ = −ͳͳʹͺ,ͷ ˍʞ˃;                       (4.94) 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 
 𝜎௫௧ = 𝜎௬௧݉௧ଶ − ߛ௪ܪௗ௧ ሺͳ − ݉௧ଶሻ = −ͳͳʹͺ,ͷ  ∙ Ͳଶ − ͳͲ ∙ ͵,ͷ ∙ ሺͳ − Ͳଶሻ =      
                                                                                            
 = −͵ͷˍʞ˃;                                                                                                (4.95) 
 
 ܪௗ௧ = ߘʢʜʐ݉𝑖݊ − ߘ˒ˑˇ = ʹͳͳ,ͷ − ʹͲͺ = ͵,ͷ                                           (4.96) 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
 𝜏௫௬௧ = −(ߛ௪ܪௗ௧ + 𝜎௬௧൯݉௧ = −ሺͳͲ ∙ ͵,ͷ − ͳͳʹͺ,ͷ ሻ ∙ Ͳ = Ͳ ˍʞ˃;             (4.97) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ  ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଷ௧ = 𝜎௬௧ሺͳ + ݉௧ଶሻ + ߛ௪ܪௗ௧ ݉௧ଶ = −ͳͳʹͺ,ͷ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͵,ͷ ∙ Ͳଶ =     
                                                                                        
 = −ͳͳʹͺ,ͷ ˍʞ˃;                                                                                        (4.98) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ  ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଵ௧ = −ߛ௪ܪௗ௧ = −ͳͲ ∙ ͵,ͷ = −͵ͷˍʞ˃;                                                      (4.99) 
 
Ɉɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 
 
 ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 
 𝜎௨˖ = − 𝑁௕೏ + ଺∑ʛ௕೏మ = − ͷͺͺͶʹଽଶ + ଺∙ሺͷͳͻʹ͸ͷሻଽଶమ = −ʹ͹ͳ,ͷ ˍʞ˃;                              (4.100) 
 




 𝜎௫௨ = 𝜎௬௨݉௨ଶ − ߛ௪ܪௗ௨ሺͳ − ݉௨ଶሻ = −ʹ͹ͳ,ͷ ∙ Ͳଶ − ͳͲ ∙ ͳͳͷ ∙ ͳ =                                   
 
 = −ͳͳͷͲ ˍʞ˃;                                                                                         (4.101) 
 
 ܪௗ௨ = ߘʣʞʢ − ߘ˒ˑˇ = ͵ʹ͵ − ʹͲͺ = ͳͳͷ                                                   (4.102) 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 
 𝜏௫௬௨ = (ߛ௪ܪௗ௨ + 𝜎௬௨൯݉௨ = ሺͳͲ ∙ ͳͲͻ − ʹͶሻ ∙ Ͳ = Ͳ;                              (4.103) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଵ௨ = 𝜎௬௨ሺͳ + ݉௨ଶሻ + ߛ௪ܪௗ௨݉௨ଶ ;                                                               (4.104) 
  
 𝜎ଵ௨ = −ʹ͹ͳ,ͷ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͳͳͷ ∙ Ͳ = −ʹ͹ͳ.ͷ ˍʞ˃; 
 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଷ௨ = −ߛ௪ʜௗ௨ = −ͳͲ ∙ ͳͳͷ = −ͳͳͷͲ ˍʞ˃;                                            (4.105) 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɚɯ ɤɨɧɬɚɤɬɧɨɝɨ ɫɟɱɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ 
ɝɪɚɧɢ: 
 
 𝜎௖௨ = ሺଵ+௠𝑢మ ሻଶ {𝜎௬௨[ܿ݋ݏʹሺߙ − ߜሻ + ͳ] + ߛ௪ℎ [ܿ݋ݏʹሺߙ − ߜሻ − ଵ−௠𝑢మଵ+௠𝑢మ]} ;   (4.106) 
 
 𝜎௖௨ = ሺଵ+଴ሻଶ ∙ {−ʹͶ,͸[ܿ݋ݏʹሺͲ − Ͳሻ + ͳ] + ͳͲ ∙ ͳͲͻ ∙ [ܿ݋ݏʹሺͲ − Ͳሻ − ଵ−଴ଵ+଴]} = 
 
    = −ʹ͹ͳ,ͷ ˍʞ˃; 
 
 
ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 
 𝜎௬௧ = − 𝑁௕೏ − ଺∑ʛ௕೏మ = − ହ଼଼ସଶଽଶ − ଺∙ሺͷͳͻʹ͸ͷሻଽଶమ = −ͳͲͲ͹,͹ˍʞ˃;                        (4.107) 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 




 = ͳͳͲˍʞ˃;                                                                                                  (4.108) 
 
 ܪௗ௧ = ߘʢʜʐ݉ܽݔ − ߘ˒ˑˇ = ʹʹͳ − ʹͲͺ = ͳ͵                                        (4.109) 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
 𝜏௫௬௧ = −(ߛ௪ܪௗ௧ + 𝜎௬௧൯݉௧ = −ሺͳͲ ∙ ͳͳ − ͳͲͲ͹,͹ሻ ∙ Ͳ = Ͳ ˍʞ˃;            (4.110) 
 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ  ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 
 𝜎ଷ௧ = 𝜎௬௧ሺͳ + ݉௧ଶሻ + ߛ௪ܪௗ௧ ݉௧ଶ = −ͳͲͲ͹,͹ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͳͳ ∙ Ͳଶ 
 
 = −ͳͲͲ͹,͹ ˍʞ˃;                                                                                      (4.111) 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ  ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௧ = −ߛ௪ܪௗ௧ = −ͳͲ ∙ ͳͳ = −ͳͳͲ ˍʞ˃; Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɫɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬɵ ɜ ɬɚɛɥɢɰɭ 4.3 
 
Ɍɚɛɥɢɰɚ 4.3 – ɇɚɝɪɭɡɤɢ 
ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 
Ɉɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ 
ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ 𝜎௬௨ −Ͷ͵ͷ 𝜎௬௧  −ͳͳʹͺ,ͷ 𝜎௫௨ −ͳͳͶͲ 𝜎௫௧ −͵ͷ 𝜏௫௬௨  0 𝜏௫௬௧  0 𝜎ଵ௨ −Ͷ͵ͷ 𝜎 ௧ˊ −ͳͳʹͺ,ͷ 𝜎ଷ௨ −ͳͳͶͲ 𝜎ଵ௧ −͵ͷ 𝜎௖௨ −Ͷ͵ͷ   Ɉɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ 
ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ 𝜎௬௨ −ʹ͹ͳ,ͷ 𝜎௬௧  −ͳͲͲ͹,͹ 𝜎௫௨ −ͳͳͷͲ 𝜎௫௧ −ͳͳͲ 𝜏௫௬௨  0 𝜏௫௬௧  Ͳ 𝜎ଵ௨ −ʹ͹ͳ,ͷ 𝜎 ௧ˊ −ͳͲͲ͹,͹ 𝜎ଷ௨ −ͳͳͷͲ 𝜎ଵ௧ −ͳͳͲ 𝜎௖௨ −ʹ͹ͳ,ͷ   
 




ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ 
ɧɚɝɪɭɡɨɤ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ 
ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 
 ːߛ ߛ௟௖|𝜎௠௔௫| ൑ ܴ௕ߛ௖ௗ  , 
 
ɝɞɟ  ːߛ = ͳ,ʹͷ  – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɞɥɹ 
ɫɨɨɪɭɠɟɧɢɣ I ɤɥɚɫɫɚ; 
   ߛ௟௖ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ (ߛ௟௖ = ͳ – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ ɨɫɧɨɜɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɧɚɝɪɭɡɨɤ; ߛ௟௖ = Ͳ,ͻ – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɨɫɨɛɨɦɭ ɫɨɱɟɬɚɧɢɸ ɧɚɝɪɭɡɨɤ); 
    𝜎௠௔௫– ɦɚɤɫɢɦɚɥɶɧɨɟ ɝɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ; 
   ܴ௕ = ͳͳ,ͷ ʛʞ˃ – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ ɞɥɹ ɦɚɪɤɢ ɛɟɬɨɧɚ ȼ20, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɋɇɢɉ [5]; 
   ߛ௖ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ (ߛ௖ௗ = 0,9 – ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ; ߛ௖ௗ = 1 – ɩɪɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ).    
    
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 ͳ,ʹͷ ∙ ͳ ∙ |−ͳͳʹͺ,ͷ| ൑ ͳͳͷͲͲ ∙ Ͳ,ͻ , 
 
 ͳͶͳͲ,͸ ൑ ͳͲ͵ͷͲ. 
 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 ͳ,ʹͷ ∙ Ͳ,ͻ ∙ |−ͳͲͲ͹,͹| ൑ ͳͳͷͲͲ ∙ Ͳ,ͻ , 
 
 ͳͳ͵͵,͸ ൑ ͳͲ͵ͷͲ. 
 
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ: 
 
 𝜎௬௨ < Ͳ, 
 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 −Ͷ͵ͷ < Ͳ. 
 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 −ʹ͹ͳ,ͷ < Ͳ. 




 |𝜎௬௨| ൒ Ͳ,ʹͷߛ௪ܪௗ௨ , 
 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 |−Ͷ͵ͷ| ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͳͳͶ , 
 
 Ͷ͵ͷ ൒ ʹͺͷ. 
 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 |−ʹ͹ͳ,ͷ| ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͳͲͻ , 
 
 ʹ͹ͳ,ͷ ൒ ʹͻ͹,ͷ. 
 
ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ. ɇɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɲɢɪɢɧɭ ɫɟɱɟɧɢɹ. 
 
4) ȼ ɤɨɧɬɚɤɬɧɨɦ ɫɟɱɟɧɢɢ: 
 
 𝜎௖௨ ൑ Ͳ , 
 
 ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 −Ͷ͵ͷ ൑ Ͳ. 
 
 ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
 −ʹ͹ͳ,ͷ ൑ Ͳ. 
 
 Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
- ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 308 Ɇȼɬ; 
- Ʉɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 4; 
- Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬ 82,6 ɦ3/ɫ; 
- Ⱦɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ 3 ɦ; 
- ɒɢɪɢɧɚ ɚɝɪɟɝɚɬɧɨɝɨ ɛɥɨɤɚ 12 ɦ; 
- Ⱦɥɢɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɢ 15 ɦ; 
- Ⱦɥɢɧɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ 63 ɦ; 




5. Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
 
5.1 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɢ ɨɩɢɫɚɧɢɟ ɝɢɞɪɨɭɡɥɚ. 
 
Ɉɩɢɫɚɧɢɟ ɝɢɞɪɨɭɡɥɚ. 
Ɋɟɤɚ Ȼɨɥɶɲɨɣ ɉɚɬɨɦ ɧɚɯɨɞɢɬɶɫɹ ɜ ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ, ɩɪɚɜɵɣ ɩɪɢɬɨɤ 
Ʌɟɧɵ. Ⱦɥɢɧɚ - 570 ɤɦ, ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ – 28,4 ɬɵɫ. ɤɦ2. Ȼɟɪёɬ ɧɚɱɚɥɨ ɜ 100 ɤɦ ɤ 
ɫɟɜɟɪɭ ɨɬ ɝɨɪɨɞɚ Ȼɨɞɚɣɛɨ ɧɚ ɜɵɫɨɬɟ ɛɨɥɟɟ 842 ɦɟɬɪɨɜ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨɪɹ. Ɍɟɱёɬ ɜ 
ɝɥɭɛɨɤɨɦ ɭɳɟɥɶɟ ɩɨ ɉɚɬɨɦɫɤɨɦɭ ɧɚɝɨɪɶɸ. Ɇɟɫɬɨ ɫɬɜɨɪɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɭɡɤɨɣ 
ɞɨɥɢɧɟ. Ɂɚɩɨɜɟɞɧɢɤɢ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ ɧɟ ɩɨɩɚɞɚɸɬ. Ȼɥɢɠɚɣɲɢɣ ɩɨɫɟɥɨɤ 
Ȼɨɥɶɲɨɣ ɩɚɬɨɦ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɢɦɟɪɧɨ ɜ 40 ɤɦ, ɧɚɫɟɥɟɧɢɟ 54 ɱɟɥɨɜɟɤɚ. ɉɨɫɟɥɨɤ 
ɇɚɬɨɪɚ, ɧɚɫɟɥɟɧɢɟ 415 ɱɟɥɨɜɟɤ. Ʉɥɢɦɚɬ ɪɟɡɤɨɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɫ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɫɭɪɨɜɨɣ ɡɢɦɨɣ ɢ ɤɨɪɨɬɤɢɦ ɥɟɬɨɦ. Ʉɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 
-55 ɞɨ +35. ɋɧɟɠɧɵɣ ɩɨɤɪɨɜ ɥɨɠɢɬɶɫɹ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ ɫɟɧɬɹɛɪɹ ɢ ɬɚɟɬ ɜ 
ɧɚɱɚɥɟ ɦɚɹ. Ƚɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɝɪɭɧɬɨɜ ɨɬ 1,5 ɞɨ 3 ɦ. 
ɍɪɨɜɟɧɶ ɜɨɞɵ ɜ ɪɟɤɚɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɫɧɟɝɨɜɨɝɨ ɢ 
ɞɨɠɞɟɜɨɝɨ ɩɢɬɚɧɢɹ. Ɂɚɦɟɪɡɚɟɬ ɜ ɨɤɬɹɛɪɟ, ɜɫɤɪɵɜɚɟɬɫɹ ɜ ɦɚɟ. 
Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1 
 
Ɍɚɛɥɢɰɚ 5.1 – Ɋɚɫɯɨɞɵ 
Zɧɛ 210 211 212 213 214 215 216 217 218 219 219,5 220 220,5 221 
Q 0 125 431 743 1039 1320 150 170 200 2750 2950 3100 3244 3395 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ: 
- ɨɫɧɨɜɧɨɣ 2950 ɦ3/ɫ 
- ɩɨɜɟɪɨɱɧɵɣ 3244 ɦ3/ɫ 
Ʉɪɢɜɚɹ ɫɜɹɡɢ. 





 Ɋɢɫ. 5.1 – Ʉɪɢɜɚɹ ɫɜɹɡɢ 
 
Ɂɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɪɚɡɥɢɱɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.2 
  






5.2 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ. 
 
Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
- ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 308 Ɇȼɬ; 
- Ʉɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 4; 
- Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬ 82,6 ɦ3/ɫ; 
- Ⱦɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ 3 ɦ; 
- ɒɢɪɢɧɚ ɚɝɪɟɝɚɬɧɨɝɨ ɛɥɨɤɚ 12 ɦ; 
- Ⱦɥɢɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɢ 15 ɦ; 
- Ⱦɥɢɧɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ 63 ɦ; 
- ɒɢɪɢɧɚ ɡɚɥɚ  
 
Ɍɚɤ ɤɚɤ ɧɚɩɨɪ ɫɨɫɬɚɜɥɹɟɬ 112 ɦ, ɩɪɢɧɢɦɚɟɦ ɩɪɢɩɥɨɬɢɧɧɭɸ ɤɨɦɩɨɧɨɜɤɭ. 
Ɋɚɫɩɨɥɨɠɟɧɢɟ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ: ɝɥɭɯɚɹ ɩɪɚɜɨɛɟɪɟɠɧɚɹ, ɜɨɞɨɫɥɢɜɧɚɹ 
ɩɥɨɬɢɧɚ, ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ, ɝɥɭɯɚɹ ɥɟɜɨɛɟɪɟɠɧɚɹ. ɉɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɫɯɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɦ ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɭɫɥɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɵɩɨɥɧɢɦ 
ɪɚɫɱɟɬ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɫɬɟɫɧɟɧɧɨɟ ɪɭɫɥɨ, ɧɚ ɜɬɨɪɨɦ – 









0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
P, % 0,01 0,1 0,5 1 3 5 10 
Qɫɬɪ 3244,9 2950,5 1733,2 1532,2 1469,1 1389,7 1272,8 
73 
 
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɝɢɞɪɨɭɡɥɚ ɪɚɡɛɢɜɚɟɦ ɧɚ 5 ɷɬɚɩɨɜ: 
1 ɷɬɚɩ – ɜɨɡɜɟɞɟɧɢɟ ɫɨɨɪɭɠɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ ɪɭɫɥɚ; 
2 ɷɬɚɩ – ɩɟɪɟɤɪɵɬɢɹ ɪɭɫɥɚ; 
3 ɷɬɚɩ – ɧɚɪɚɳɢɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɞɨ ɨɬɦɟɬɨɤ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɧɚɱɚɥɚ 
ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; 
4 ɷɬɚɩ – ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; 
5 ɷɬɚɩ – ɧɚɪɚɳɢɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɢ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨ 
ɩɪɨɟɤɬɧɵɯ ɨɬɦɟɬɨɤ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɨɨɱɟɪɟɞɧɵɦ ɩɭɫɤɨɦ ɜɫɟɯ ɚɝɪɟɝɚɬɨɜ. 
 
 5.3 ɉɟɪɜɵɣ ɷɬɚɩ 
 
ɋɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɧɚɱɢɧɚɬɶ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɨɪɭɠɟɧɢɣ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ ɪɭɫɥɚ ɪɟɤɢ – ɜɨɞɨɫɥɢɜɧɨɣ, ɫɬɚɧɰɢɨɧɧɨɣ ɢ ɝɥɭɯɨɣ 
ɱɚɫɬɟɣ ɩɥɨɬɢɧɵ, ɩɪɢɦɵɤɚɸɳɢɯ ɤ ɩɪɚɜɨɦɭ ɛɟɪɟɝɭ. 
ɉɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɫɬɟɫɧɟɧɧɨɦɭ ɪɭɫɥɭ ɪɟɤɢ ɫɨ ɫɬɨɪɨɧɵ ɥɟɜɨɝɨ ɛɟɪɟɝɚ. 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɫɨɨɪɭɠɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɟɪɟɤɪɵɬɢɹ ɪɭɫɥɚ ɪɟɤɢ, ɬɪɟɛɭɟɬɫɹ ɜɨɡɜɟɫɬɢ ɩɟɪɟɦɵɱɤɢ, ɨɛɪɚɡɭɸɳɢɟ ɤɨɬɥɨɜɚɧ 
ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ. 
ɑɚɫɬɶ ɪɭɫɥɚ, ɩɟɪɟɤɪɵɬɚɹ ɩɟɪɟɦɵɱɤɚɦɢ ɫɨɫɬɚɜɥɹɟɬ 45-60 %ɲɢɪɢɧɵ ɪɭɫɥɚ ɜ 
ɫɬɜɨɪɟ. 
Ɉɫɧɨɜɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ 1 ɷɬɚɩɚ: 
- ɜɨɡɜɟɞɟɧɢɟ ɜɟɪɯɨɜɨɣ, ɩɪɨɞɨɥɶɧɨɣ ɢ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɟɤ (ɤɨɬɥɨɜɚɧ ɩɟɪɜɨɣ 
ɨɱɟɪɟɞɢ). 
- ɨɬɤɚɱɤɚ ɜɨɞɵ ɢɡ ɤɨɬɥɨɜɚɧɚ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ  
- ɛɟɬɨɧɢɪɨɜɚɧɢɟ ɬɟɥɚ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ 
- ɜɪɟɡɤɚ ɜ ɫɤɚɥɭ ɥɟɜɨɝɨ ɛɟɪɟɝɚ 
- ɛɟɬɨɧɢɪɨɜɚɧɢɟ ɝɥɭɯɢɯ ɫɟɤɰɢɣ 
- ɭɫɬɪɨɣɫɬɜɨ ɝɥɭɛɨɤɨɣ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
- ɛɭɪɟɧɢɟ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɜ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ 
 
5.3.1 Ɋɚɫɱɟɬ ɩɟɪɟɦɵɱɟɤ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɫ ɭɱɟɬɨɦ ɩɪɨɩɭɫɤɚ  
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɫɬɟɫɧɟɧɧɨɟ ɪɭɫɥɨ 
 
ɉɟɪɟɦɵɱɤɢ ɨɬɧɨɫɹɬɫɹ ɤ ɜɪɟɦɟɧɧɵɦ ɫɨɨɪɭɠɟɧɢɹɦ 4 ɤɥɚɫɫɚ ɤɚɩɢɬɚɥɶɧɨɫɬɢ. 
ȿɠɟɝɨɞɧɭɸ ɪɚɫɱɟɬɧɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɩɪɢ ɫɪɨɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɟɪɟɦɵɱɟɤ ɞɨ 3 ɥɟɬ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ – 
10% ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 5.2 ɪɚɫɱɟɬɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ 10% 





ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɟɫɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ ɩɨ ɜɵɫɨɬɟ.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɬɤɢ ɝɪɟɛɧɟɣ ɩɪɨɞɨɥɶɧɨɣ ɢ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɟɤ 
ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
ɞɥɹ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ:  
 ܪ˅˒ = ℎː˄ + ܼ + ͳ = ͷ + Ͳ,͹ + ͳ = ͸,͹                                                       (5.1) 
 
ɞɥɹ ɩɪɨɞɨɥɶɧɨɣ ɩɟɪɟɦɵɱɤɢ: 
 ܪ˒˒ = ℎː˄ + ܼ = ͷ + Ͳ,͹ = ͷ,͹                                                                    (5.2) 
 
Ɂɧɚɱɟɧɢɟ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɩɟɪɟɞ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɨɣ ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ܼ = ଵ𝜑మ ∗ ௩೎మଶ∗௚ − ௩బమଶ∗௚ = ଵ଴,଼ହ ∗ ଷ,ଽ଼మଶ∗ଽ,଼ଵ − ଶ,ଶଷమଶ∗ଽ,଼ଵ = Ͳ,͹                                            (5.3) 
 
ɝɞɟ  𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɞɥɹ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɩɟɪɟɦɵɱɟɤ 𝜑 = 0,8 – 0,85, 
ɩɪɢɧɢɦɚɟɦ 𝜑 ɪɚɜɧɵɦ 0,85 
v0 – ɛɵɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɪɟɤɟ  
vc – ɛɵɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɪɟɤɟ ɢ ɜ ɫɭɠɟɧɧɨɦ ɪɭɫɥɟ 
 ݒ଴ = 𝑄˔˕˓௪బ = ଵଶ଻ଶ,଼ହ଻଴ = ʹ,ʹ͵                                                                               (5.4) 
 
ɝɞɟ  ݓ଴ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɭɫɥɚ ɪɟɤɢ ɞɨ ɫɬɟɫɧɟɧɢɹ ɩɪɢ Qɫɬɪ 
 ݒ௖ = 𝑄˔˕˓௪೎ = ଵଶ଻ଶ,଼ଷଶ଴ = ͵,ͻͺ                                                                              (5.5) 
 
5.3.2 Ɉɩɪɟɞɟɥɹɟɦ ɬɢɩ ɢ ɤɨɧɫɬɪɭɤɰɢɸ ɩɟɪɟɦɵɱɟɤ 
 
Ɍɢɩ ɩɟɪɟɦɵɱɤɢ: ɤɚɦɟɧɧɨ – ɡɟɦɥɹɧɧɚɹ  
ȼɟɪɯɨɜɨɣ ɨɬɤɨɫ ɩɪɢɧɢɦɚɟɦ 1:2, ɧɢɡɨɜɨɣ ɨɬɤɨɫ 1:1 
ɉɟɪɟɦɵɱɤɢ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 5.2 – 5.4 
75 
 
 Ɋɢɫɭɧɨɤ 5.2 – ȼɟɪɯɨɜɚɹ ɩɟɪɟɦɵɱɤɚ 
 
 
 Ɋɢɫɭɧɨɤ 5.3 – ɉɪɨɞɨɥɶɧɚɹ ɩɟɪɟɦɵɱɤɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɟɪɟɦɵɱɟɤ: 
 ݓ˅˒ = ሺ଻+ଶ଻,ଵሻ∗଺,଻ଶ = ͳͳͶ,ʹͶ ɦ2                                                                                                            (5.6) 
 ݓ˒˒ = ሺ଻+ଶସ,ଵሻ∗ହ,଻ଶ = ͺͺ,͸Ͷ ɦ2                                                                                                               (5.7) 
 
Ɉɩɪɟɞɟɥɹɟɦ ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɜɟɪɯɨɜɨɣ ɢ ɩɪɨɞɨɥɶɧɨɣ ɩɟɪɟɦɵɱɟɤ ɩɟɪɜɨɣ 
ɨɱɟɪɟɞɢ, ɞɥɢɧɵ ɩɪɢɧɢɦɚɟɦ ɫ ɚɜɬɨɤɚɞɚ: 
 ܸ = ሺݓ˒˒ ∗ ܮ˒˒ + ݓ˅˒ ∗ ܮ˅˒ሻʹ = ሺͺͺ,͸Ͷ ∗ ͳͷͲ + ͳͳͶ,ʹͶ ∗ Ͷʹሻʹ = 
 = ͻͲͶ͹,ͲͶ ˏଷ                                                                                                (5.8) 
76 
 
 Ɋɢɫɭɧɨɤ 5.4 – ɇɢɡɨɜɚɹ ɩɟɪɟɦɵɱɤɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɨɬɦɟɬɤɭ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ Lɧɩ  
 ܪː˒ = ℎː˄ + ܽ = ͷ + ͳ = ͸ ɦ                                                                        (5.9) 
 ݓː˒ = ሺ଻+ଶହሻ∗଺ଶ = ͻ͸ ˏଶ                                                                               (5.10) 
 
Ɉɩɪɟɞɟɥɹɟɦ ɨɛɴɟɦ: 
 ܸ = ሺ௪ː˒∗𝐿ː˒ሻଶ = ሺଽ଺∗ସଶሻଶ = ʹͲͳ͸ ˏଷ                                                             (5.11) 
 
Ɉɩɪɟɞɟɥɹɟɦ ɜɪɟɦɹ ɧɚɱɚɥɚ ɪɚɛɨɬ ɩɨ ɜɨɡɜɟɞɟɧɢɸ ɩɟɪɟɦɵɱɟɤ 
 ݐ˒ˈ˓ = ∑௏˒ ˈ˓𝐽˒ˈ˓ = ଵଵ଴଺ଷ,଴ସ଼଴଴ = ͳ͵,ͺʹ = ͳͶ ˔˖˕.                                                 (5.12) 
 
5.3.3 Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ 1-ɣ ɨɱɟɪɟɞɢ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɫɪɨɤ ɧɚɱɚɥɚ ɪɚɛɨɬ: 
ɉɥɨɳɚɞɶ ɤɨɬɥɨɜɚɧɚ 7182 ɦ2  
Ƚɥɭɛɢɧɚ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ h=4 ɦ, ɩɪɢ ɪɚɫɯɨɞɟ Q=960 ɦ3/ɫ 
ɇɚɯɨɞɢɦ ɨɛɴёɦ ɜɨɞɵ, ɤɨɬɨɪɭɸ ɬɪɟɛɭɟɬɫɹ ɨɬɤɚɱɚɬɶ ɢɡ ɤɨɬɥɨɜɚɧɚ,V=28728 
ɦ3 
Ɋɚɫɫɱɢɬɵɜɚɟɦ Ⱦɥɹ ɨɬɤɚɱɤɢ ɜɨɞɵ ɢɡ ɤɨɬɥɨɜɚɧɚ ɜɵɛɢɪɚɟɦ ɤɨɧɫɨɥɶɧɵɟ 
ɧɚɫɨɫɵ 3Ʉ-13, ɢɦɟɸɳɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ W=40 ɦ3/ɱɚɫ ɜ ɤɨɥɢɱɟɫɬɜɟ 5 ɲɬ. 
ȼɪɟɦɹ ɨɬɤɚɱɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 5 ɧɚɫɨɫɨɜ. 
 t =  Vௐ∗௡ = మఴళమఴరబ∗ఱଶସ = ͷ,ͻͻ ˇːˈˌ.                                                                    (5.13) 
 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ: 




ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɱɤɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ 0,7 ɦ/ɫɭɬ. 
ɍɫɥɨɜɢɟ  ɜɵɩɨɥɧɹɟɬɫɹ. 
 
5.3.4 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ. 
 
Ɉɩɪɟɞɟɥɢɦ ɨɛɴɟɦ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ: 
 ܸ = ℎ ∗ ݓ = ͸,͹ ∗ ͹ͳͺʹ = Ͷͺͳͳͻ,Ͷ                                                          (5.15) 
 
ȼ ɤɚɱɟɫɬɜɟ ɜɟɞɭɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ 
ɩɪɢɦɟɧɹɟɬɫɹ ɝɭɫɟɧɢɱɧɵɣ ɨɞɧɨɤɨɜɲɨɜɵɣ ɷɤɫɤɚɜɚɬɨɪ ɗɈ – 6123 ɫ  ɩɪɹɦɨɣ 
ɥɨɩɚɬɨɣ, ɜɦɟɫɬɢɦɨɫɬɶ ɤɨɜɲɚ qɤɨɜ =2,5 ɦ3. 
ȼɵɱɢɫɥɢɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɷɤɫɤɚɜɚɬɨɪɚ: 
 ʞˠ˚ = ݍ˙ ∗ ݊˙ ∗ 𝑘˅ = ͳ,͸ ∗ ͳ͵ͺ ∗ Ͳ,͹ͷ = ͳ͸͸                                           (5.16) 
 ݍ˙ = ݍˍˑ˅ ∗ ௞ː௞˓ = ʹ,ͷ ∗ ଴,ଽଵ,ସ = ͳ,͸                                                                  (5.17) 
 ݐ˙ = ݐˍˑ˒ + ݐ˒ˑ˅ + ݐ˅˞ˆ˓ + ݐ˅ˑˊ˅˓ + ݐˑˉˋˇ = ͳͲ + ͷ + ͵ + Ͷ + Ͷ = ʹ͸ ˔. (5.18) 
 
Ɉɩɪɟɞɟɥɢɦ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ: 
 ݐ˅˞ˈˏ = ସ଼ଵଵଽ,ସଵ଺଺ = ʹͺͻ,ͻ = ͳʹ ˇːˈˌ                                                           (5.19) 
 
Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɜɟɞɭɳɟɣ ɦɚɲɢɧɵ ɢ ɩɟɪɟɜɨɡɤɢ ɝɪɭɧɬɚ ɢɡ 
ɤɨɬɥɨɜɚɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɚɜɬɨɫɚɦɨɫɜɚɥ Ⱥɋ – 6890VO ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 18,7 ɬɨɧɧ;  
ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɤɭɡɨɜɚ 31,2 ɦ3. 
ɋɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɩɨ ɫɬɪɨɢɬɟɥɶɧɨɣ ɞɨɪɨɝɟ: 
- ɝɪɭɠɟɧɵɣ ܸˆ˓ = ʹͲ ˍˏ/˚; 
- ɩɨɪɨɠɧɢɣ ܸ˒ ˑ˓ = ͵Ͳ ˍˏ/˚. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɨɜɲɟɣ ɝɪɭɧɬɚ ɜ ɟɦɤɨɫɬɢ ɧɢɡɨɜɨɝɨ 
ɚɜɬɨɫɚɦɨɫɜɚɥɚ: 
 ݊ˍˑ˅ = 𝑄˔˃ˏఘ∙௤ˍˑ˅∙௞ː = ଵ଼,଻ଶ,ଷ∙ଶ,ହ∙଴,ଽ = ͵,͸ = Ͷ ˍˑ˅˛˃,                                            (5.20) 
 
ȼɪɟɦɹ ɨɞɧɨɝɨ ɰɢɤɥɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɧɬɚ: 




ɇɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɜɟɞɭɳɟɣ ɦɚɲɢɧɵ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ: 
 𝑁˃˔ = ௧˙˃௧˙∙௡ˍˑ˅˛ = ହ.ଵଶ଻଴.ଷ∙ସ ≈ ͷ ˏ˃˛ˋː                                                                (5.22) 
 
5.3.5 Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ 1 ɷɬɚɩɟ 
 
ɒɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ȼ=92 ɦ 
ȼɵɫɨɬɚ ɛɟɬɨɧɢɪɭɟɦɨɣ ɱɚɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ h=30, ɦ. Ⱦɥɢɧɚ 
ɛɟɬɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ L=31,5 ɦ 
Ɉɛɳɢɣ ɨɛɴёɦ ɛɟɬɨɧɢɪɭɟɦɨɣ ɱɚɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 
 ܸ˄ ˓ = ሺʑ ∙ ܮ ∙ ℎሻ = ሺͻʹ ∙ ͵ͳ,ͷ ∙ ͵Ͳሻ = ͳͶͶͻͲͲ                                            (5.23) 
 
ɉɨ ɚɧɚɥɨɝɭ ɡɚɞɚɟɦɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ܬ˄˓ = ͳ͵ͲͲͲ ˏଷˏˈ˔. ȼɪɟɦɹ ɛɟɬɨɧɢɪɨɜɚɧɢɹ: 
 ݐ = ௏˄˓𝐽˄˓ = ଵସସଽ଴଴଼଴଴଴ = ͳͺ ˏˈ˔.                                                                           (5.24) Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɭɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.5 
 Ɋɢɫɭɧɨɤ 5.5 – Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
 
5.3.6 Ɋɚɫɱɟɬ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ  




ɋɬɪɨɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɛɭɞɟɦ ɨɫɭɳɟɫɬɜɥɹɬɶ ɱɟɪɟɡ 
ɝɥɭɛɢɧɧɵɟ ɨɬɜɟɪɫɬɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɝɥɭɛɢɧɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɚɡɧɚɱɚɸɬ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɪɚɫɯɨɞɚ, ɧɚɩɨɪɚ, ɜɵɫɨɬɵ ɢ ɲɢɪɢɧɵ 
ɨɬɜɟɪɫɬɢɣ.  
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɟɦɫɹ ɪɚɡɦɟɪɚɦɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɞɨɧɧɵɯ ɨɬɜɟɪɫɬɢɣ ɫ 
ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ. Ɉɬɦɟɬɤɭ ɩɨɪɨɝɚ ɝɥɭɛɢɧɧɵɯ ɨɬɜɟɪɫɬɢɣ 
(∇ʞሻ ɩɪɢɦɟɦ ɧɚ ɨɬɦɟɬɤɟ 210ɦ.  
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɪɯɧɹɹ ɜɵɯɨɞɧɚɹ ɤɪɨɦɤɚ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɛɭɞɟɬ 
ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɨɬɦɟɬɤɟ 215, ɚ ɨɬɦɟɬɤɚ ɇȻ ɫɨɫɬɚɜɥɹɟɬ 213.  
ȼɵɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɡɚɬɨɩɥɟɧɨ. 
Ɉɩɪɟɞɟɥɢɦ ɩɟɪɟɩɚɞ Zɦɚɤɫ ɧɚ ɛɚɧɤɟɬɟ ɩɪɢ ɩɟɪɟɤɪɵɬɢɢ ɪɭɫɥɚ ɧɟɨɛɯɨɞɢɦɵɣ 
ɞɥɹ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ.  
 ܳ˔˕˓ = ߤ𝜔݊√ʹ݃ܪ଴                                                                                       (5.25) 
 
ɝɞɟ  Qɫɬɪ–ɪɚɫɱɟɬɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ; μ –ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɫɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ; ω –ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ; nɞɨ; ɇ0 –
ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɫ ɨɬɦ. 210 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɹ: 
 ܪ଴ = 𝑄˔˕˓మఓమ𝜔మ௡మଶ௚ = ଵଶ଻ଶ,଼మ଴,଺మ∙ଷ଴మ∙ସమଶ∙ଽ.଼ଵ = ͳͶ,͹ˏ                                                    (5.26) 
 
ɇɚɯɨɞɢɦ ɧɟɨɛɯɨɞɢɦɭɸ ɨɬɦɟɬɤɭ ȼȻ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʞ + ʜ଴ = ʹͳͲ + ͳͶ,͹ = ʹʹͶ,͹ˏ                                                              (5.27) 
 
Ɉɩɪɟɞɟɥɹɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɚɧɤɟɬɚ ɩɪɢ ɩɟɪɟɤɪɵɬɢɢ ɫ ɭɱɟɬɨɦ ɡɚɩɚɫɚ ɜ 1 ɦ,  
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɛɚɧɤɟɬɚ, 225,7 ɦ. 
 
5.4 ȼɬɨɪɨɣ ɷɬɚɩ 
 
ɉɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɝɥɭɛɢɧɧɵɟ 
ɨɬɜɟɪɫɬɢɹ. 
Ɉɫɧɨɜɧɵɟ ɪɚɛɨɬɵ ɜɬɨɪɨɝɨ ɷɬɚɩɚ: 
 ɪɚɡɛɢɪɚɸɬ ɧɢɡɨɜɭɸ ɩɟɪɟɦɵɱɤɭ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɢ ɡɚɬɚɩɥɢɜɚɸɬ 
ɤɨɬɥɨɜɚɧ; 
 ɪɚɡɛɢɪɚɸɬ ɜɟɪɯɨɜɭɸ ɩɟɪɟɦɵɱɤɭ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ (ɜɨɞɚ ɩɪɨɩɭɫɤɚɟɬɫɹ 
ɱɟɪɟɡ ɞɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ); 
 ɨɬɫɵɩɚɸɬ ɛɚɧɤɟɬ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ ɪɟɤɢ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɬɥɨɜɚɧɚ 
ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ, ɞɥɹ ɜɨɡɜɟɞɟɧɢɹ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ; 
 ɜɨɡɜɨɞɹɬ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ ɢ ɩɨɞɜɨɞɧɭɸ ɱɚɫɬɶ ɡɞɚɧɢɹ 
80 
 
Ƚɗɋ ɫ ɦɨɧɬɚɠɨɦ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɜ ɜɨɞɨɨɬɜɨɞɹɳɟɦ ɬɪɚɤɬɟ; 
 ɭɫɬɪɚɢɜɚɸɬ ɝɥɭɛɨɤɭɸ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ; 
 ɛɭɪɹɬ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɜ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ; 
 
5.4.1 ȼɨɡɜɟɞɟɧɢɟ ɩɟɪɟɦɵɱɟɤ ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ 
 
ȼɟɪɯɨɜɭɸ ɩɟɪɟɦɵɱɤɭ, ɜɵɩɨɥɧɹɟɦ ɬɪɚɩɟɰɢɟɜɢɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫ   ɡɚɥɨɠɟɧɢɟɦ 
ɨɬɤɨɫɨɜ:  
ȼɟɪɯɨɜɨɝɨ 1:2;  
ɇɢɡɨɜɨɝɨ 1:1.  
ɒɢɪɢɧɭ ɩɨ ɝɪɟɛɧɸ ɩɪɢɧɢɦɚɟɦ 7 ɦ. 
Ʉɨɧɫɬɪɭɤɰɢɹ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ ɚɧɚɥɨɝɢɱɧɚ ɧɢɡɨɜɨɣ 
ɩɟɪɟɦɵɱɤɟ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3, ɞɥɢɧɚ ɟɟ Lɧɡ = 70 ɦ. 
Ɉɛɴёɦ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɪɚɜɟɧ: 
 
V= ω ∙Lɧɡ/2= 7315 ɦ3.                                                                                   (5.28) 
 
5.4.2 Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ 2-ɣ ɨɱɟɪɟɞɢ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɶ ɤɨɬɥɨɜɚɧɚ, 8892 ɦ2. Ƚɥɭɛɢɧɚ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ ɩɪɢ 
ɫɪɟɞɧɟɦ ɪɚɫɯɨɞɟ ɜɨɞɵ ɜ ɪɟɤɟ Q = 72 ɦ3/ɫ (ɞɥɹ ɦɟɫɹɰɚ ɩɟɪɟɤɪɵɬɢɹ) ɪɚɜɧɚ h = 4 ɦ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴёɦ ɜɨɞɵ, ɤɨɬɨɪɭɸ ɬɪɟɛɭɟɬɫɹ ɨɬɤɚɱɚɬɶ ɢɡ ɤɨɬɥɨɜɚɧɚ ɪɚɜɟɧ  
V = 35568 ɦ3. Ⱦɥɹ ɨɬɤɚɱɤɢ ɜɨɞɵ ɢɡ ɤɨɬɥɨɜɚɧɚ ɢɫɩɨɥɶɡɭɟɦ ɬɟ ɠɟ, ɱɬɨ ɢ ɧɚ 
ɤɨɬɥɨɜɚɧɟ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ ɤɨɧɫɨɥɶɧɵɟ ɧɚɫɨɫɵ.  
ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ ɨɬɤɚɱɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 5 ɧɚɫɨɫɨɜ, ɚɧɚɥɨɝɢɱɧɨ 
ɤɚɤ ɢ ɜ ɩɟɪɜɨɦ ɷɬɚɩɟ. ȼɪɟɦɹ ɨɬɤɚɱɤɢ ɫɨɫɬɚɜɢɬ: t ≈ 7 ɫɭɬɨɤ. 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɱɤɢ ɜɨɞɵ ɫɨɫɬɚɜɢɬ 0,57 ɦ/ɫɭɬɤɢ, ɱɬɨ ɦɟɧɶɲɟ 
ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ 0,7 ɦ/ɫɭɬɤɢ.   
ɗɬɢ ɠɟ 3Ʉ-13 ɧɚɫɨɫɵ ɛɭɞɟɦ ɩɪɢɦɟɧɹɬɶ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 
ɤɨɬɥɨɜɚɧɚ ɜ ɨɫɭɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
 
5.4.3 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ. 
 
Ɉɩɪɟɞɟɥɢɦ ɨɛɴɟɦɵ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɜ ɤɨɬɥɨɜɚɧɟ ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ. 
 Ɉɩɪɟɞɟɥɢɦ ɨɛɴɟɦ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ: 
 ܸ = ℎ ∗ ݓ = ͸,͹ ∗ ͺͺͻʹ = ͷͻͷ͹͸,Ͷ                                                          (5.29) 
 
Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ – ɞɨɥɟɪɢɬ, ɢɫɩɨɥɶɡɭɟɦ 




Ɉɩɪɟɞɟɥɢɦ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ  
 
tɜɵɟɦ =
௏˅ ˞ˈˏʞˠ˚ =  ͳͺ͵  ˚˃˔˃ =  ͳͷ  ɫɭɬɨɤ.                                                       (5.30) 
  
5.4.4 Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɬɚɧɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢ 
ɝɥɭɯɢɯ ɫɟɤɰɢɣ 
 
ɇɢɠɧɹɹ ɱɚɫɬɶ ɫɬɚɧɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢɦɟɟɬ ɮɨɪɦɭ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. 
ɒɢɪɢɧɚ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɬɚɧɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ - ȼ= 92 ɦ. 
ȼɵɫɨɬɚ ɛɟɬɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɫɬɚɧɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ h= 50 ɦ 
Ⱦɥɢɧɚ ɛɟɬɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ L= 66 ɦ 
Ɉɛɴёɦ V=B∙L∙h = 303600 ɦ3. 
ȼɪɟɦɹ ɛɟɬɨɧɢɪɨɜɚɧɢɹ t  = 24 ɦɟɫ. 
Ȼɟɬɨɧɢɪɨɜɚɧɢɟ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ ɭɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.6 
 Ɋɢɫɭɧɨɤ 5.6 – Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ. 
 
5.5 Ɍɪɟɬɢɣ ɷɬɚɩ 
 
5.5.1 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɛɟɪɟɝɨɜɵɟ ɭɱɚɫɬɤɢ ɩɥɨɬɢɧɵ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɨɛɴɟɦ ɝɪɭɧɬɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɬɥɨɜɚɧɨɜ. 
ɉɪɚɜɨɛɟɪɟɠɧɵɣ ɤɨɬɥɨɜɚɧ, ɫɟɤɰɢɢ : 
Ⱦɥɢɧɚ 235 ɦ, ɯɚɪɚɤɬɟɪɧɚɹ ɲɢɪɢɧɚ 64, ɝɥɭɛɢɧɚ 30 ɦ. Ɉɛɴɟɦ ɩɪɚɜɨɛɟɪɟɠɧɨɝɨ 
ɤɨɬɥɨɜɚɧɚ  
V = 451200 ɦ3. 
ȼɪɟɦɹ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɝɪɭɧɬɚ: 
 





Ⱦɥɢɧɚ 68 ɦ, ɯɚɪɚɤɬɟɪɧɚɹ ɲɢɪɢɧɚ 64, ɝɥɭɛɢɧɚ 30 ɦ. Ɉɛɴɟɦ ɥɟɜɨɛɟɪɟɠɧɨɝɨ 
ɤɨɬɥɨɜɚɧɚ  
V = 205440 ɦ3. 
ȼɪɟɦɹ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɝɪɭɧɬɚ: 
V/ʞˠ˚ = 787 ɱɚɫ = 32 ɞɟɧɶ. 
 
5.5.2 Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɜɫɟɦɭ ɧɚɩɨɪɧɨɦɭ ɮɪɨɧɬɭ ɨɬɦɟɬɤɢ 240÷270 
 
Ȼɟɬɨɧɢɪɭɟɦɵɣ ɭɱɚɫɬɨɤ ɩɥɨɬɢɧɵ ɢɦɟɟɬ ɮɨɪɦɭ ɩɪɢɡɦɵ. 
Ⱦɥɢɧɚ ɛɟɬɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ Lɩɥ = 235 ɦ 
ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 92 ɦ 
ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 50 ɦ 
ɇɚɢɛɨɥɶɲɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ 
ωɩ=  3763 ɦ2 
Ɉɛɴёɦ ɛɟɬɨɧɚV=ωɩ∙Lɩɥ= 317962,5 ɦ3. 
ɉɪɢɧɢɦɚɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɬɨɧɢɪɨɜɚɧɢɹ 30000 ɦ3 
ȼɪɟɦɹ ɛɟɬɨɧɢɪɨɜɚɧɢɹ t = 29,5 ɦɟɫ. 
Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɭɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.6 
 Ɋɢɫ. 5.6. Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ. 
 
5.6 Чɟɬɜɟɪɬɵɣ ɷɬɚɩ  
 
5.6.1 Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɜɫɟɦɭ ɧɚɩɨɪɧɨɦɭ ɮɪɨɧɬɭ 270 ÷ 300 
 
Ȼɟɬɨɧɢɪɭɟɦɵɣ ɭɱɚɫɬɨɤ ɩɥɨɬɢɧɵ ɢɦɟɟɬ ɮɨɪɦɭ ɩɪɢɡɦɵ. 
ɇɚɢɛɨɥɶɲɚɹ ɜɵɫɨɬɚ ɭɱɚɫɬɤɚ ɛɟɬɨɧɢɪɨɜɚɧɢɹ 20 ɦ 
Ⱦɥɢɧɚ ɛɟɬɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ Lɩɥ = 418,5 ɦ 
ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 50 ɦ 
ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 23 ɦ 
ɇɚɢɛɨɥɶɲɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ 
ωɩ=  1220 ɦ2 
Ɉɛɴёɦ ɛɟɬɨɧɚV=ωɩ∙Lɩɥ= 510570 ɦ3. 
83 
 
ɉɪɢɧɢɦɚɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɬɨɧɢɪɨɜɚɧɢɹ 30000 ɦ3 
ȼɪɟɦɹ ɛɟɬɨɧɢɪɨɜɚɧɢɹ t = 17 ɦɟɫ. 
Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɱɟɬɜɟɪɬɨɝɨ ɷɬɚɩɚ ɭɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.7 
 Ɋɢɫɭɧɨɤ 5.7 – Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ. 
 
5.7 ɉɹɬɵɣ ɷɬɚɩ 
 
5.7.1 Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɜɫɟɦɭ ɧɚɩɨɪɧɨɦɭ ɮɪɨɧɬɭ 300÷330  
 
Ȼɟɬɨɧɢɪɭɟɦɵɣ ɭɱɚɫɬɨɤ ɩɥɨɬɢɧɵ ɢɦɟɟɬ ɮɨɪɦɭ ɩɪɢɡɦɵ. 
ɇɚɢɛɨɥɶɲɚɹ ɜɵɫɨɬɚ ɭɱɚɫɬɤɚ ɛɟɬɨɧɢɪɨɜɚɧɢɹ 25 ɦ 
Ⱦɥɢɧɚ ɛɟɬɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ Lɩɥ = 488 ɦ 
ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 61 ɦ 
ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 23 ɦ 
ɇɚɢɛɨɥɶɲɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɭɱɚɫɬɤɚ ɩɥɨɬɢɧɵ 
ωɩ=  1525 ɦ2 
Ɉɛɴёɦ ɛɟɬɨɧɚV=ωɩ∙Lɩɥ= 744200 ɦ3. 
ɉɪɢɧɢɦɚɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɬɨɧɢɪɨɜɚɧɢɹ 30000 ɦ3 
ȼɪɟɦɹ ɛɟɬɨɧɢɪɨɜɚɧɢɹ t = 25 ɦɟɫ 




 Ɋɢɫɭɧɨɤ 5.8 – Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɩɹɬɨɦ ɷɬɚɩɟ. 
 
Ɉɩɪɟɞɟɥɟɧɧɵɟ ɨɛɴɟɦɵ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 5.3 
 









Ɂɟɦɥɹɧɵɟ Ɉɬɫɵɩɤɚ ɩɪɨɞɨɥɶɧɨɣ ɩɟɪɟɦɵɱɤɢ 
ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ 
6648 
Ɉɬɫɵɩɤɚ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ 
ɩɟɪɜɨɣ  ɨɱɟɪɟɞɢ  
2016 






Ɉɫɭɲɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɩɟɪɜɨɣ 
ɨɱɟɪɟɞɢ 
28728 









Ɂɟɦɥɹɧɵɟ Ɉɬɫɵɩɤɚ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ 





Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ 35568 
2 



















Ɂɟɦɥɹɧɵɟ Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɩɪɚɜɨ- 
ɢ ɥɟɜɨɛɟɪɟɠɧɭɸ ɱɚɫɬɢ ɩɥɨɬɢɧɵ 
656640 
3 
Ȼɟɬɨɧɧɵɟ Ȼɟɬɨɧɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ ɦɟɠɞɭ 
ɨɬɦɟɬɤɚɦɢ 240÷270 
533600 
Ȼɟɬɨɧɧɵɟ Ȼɟɬɨɧɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ ɦɟɠɞɭ 
ɨɬɦɟɬɤɚɦɢ 270 ÷ 300 
510570 
































6 Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
6.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 
ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɛɴɟɦɵ 
ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 6.1 
Ɍɚɛɥɢɰɚ 6.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ȿɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2023 2024 2025 2026 2027 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 308 308 308 308 308 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɑɚɫɵ 8640 8640 8640 8640 8640 
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ*ɱ 2661465 2661465 2661465 2661465 2661465 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ % 2 2 2 2 2 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ Ɇȼɬ*ɱ 53229 53229 53229 53229 53229 
Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ*ɱ 2608236 2608236 2608236 2608236 2608236 
Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ*ɱ 1110,00 1143,00 1175,00 1206,00 1235,00 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɥɧ.ɪɭɛ. 241,2 248,4 255,3 262,1 268,4 
ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 368,0 378,9 389,5 399,8 409,4 
 
6.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ   
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №92 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ.) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɝɨɪɢɡɨɧɬ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɫɟɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ»,ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 
ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
87 
 
ɩɨɞɝɨɬɨɜɤɢ ɪɚɫɱɟɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 
Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
- ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢɫɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ ɨɛɴɟɤɬɨɜ 
ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, ɫ ɭɱɟɬɨɦ 
ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,08%. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.2. 
 
Ɍɚɛɥɢɰɚ 6.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ 
 ɋɭɦɦɚ, 
ɦɥɧ.ɪɭɛ. 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ 
ɬɪɭɞɚ 255,2 21,71 
ɉɪɨɱɢɟ 274,0 23,51 
ɂɬɨɝɨ ɩɨ Ƚɗɋ  45,22 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ 





Ɍɚɛɥɢɰɟ 6.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ% 





Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 6.4. 
 
Ɍɚɛɥɢɰɚ 6.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ  ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 






ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,318ɪɭɛ/Ɇɜɬ*ɱ 0,71 
ɂɬɨɝɨ  37,89 
 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ*ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 
ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ Ȼɨɥɶɲɨɣ ɉɚɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 6.5. 
 
Ɍɚɛɥɢɰɚ 6.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 








13,88 15,27 16,19 16,61 16,57 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 135,84 163,01 163,01 163,01 163,01 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 




Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.5 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 
37,89 45,47 45,47 45,47 45,47 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ, 
ɦɥɧ.ɪɭɛ. 74,53 75,01 75,01 75,01 75,01 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 281,54 322,68 375,78 326,07 326,31 
 
Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 6.1). 
 
Ɋɢɫɭɧɨɤ 6.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 
 
6.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 
ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉɚɬɨɦɫɤɨɣ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  
ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
 ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 18%; 
 ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
 ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ  1 ɬɵɫ. ɤȼɬ.ɱ – 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɡɚ ɩɟɪɢɨɞ 2021-




Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ






Ɍɚɛɥɢɰɚ 6.6– ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 2022  2023 2024 2025 2026 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, 
ɦɥɧ.ɪɭɛ. 1,94 2,54 2,56 2,56 2,56 
ɇȾɋ, ɦɥɧ.ɪɭɛ. 6,71 429,54 464,63 476,20 504,39 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ 
ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 3,29 4,31 4,34 4,34 4,34 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, 
ɦɥɧ.ɪɭɛ. 25,94 32,56 34,99 35,15 36,23 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 37,87 468,95 506,51 518,25 547,52 
 
 
6.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɰɟɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  
Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 6.7 ɢ ɧɚ 
ɪɢɫɭɧɤɟ 6.2. 
 
Ɍɚɛɥɢɰɚ 6.7 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2020  2021 2022 2023 2024 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 669,82 1569,4 1768,6 1824,3 1895,0 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 262,3 336,2 343,0 338,2 333,5 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), 
ɦɥɧ.ɪɭɛ. 407,6 1233,2 1425,6 1486,1 1561,5 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ 
ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 81,5 246,6 285,1 297,2 312,3 
NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), 
ɦɥɧ.ɪɭɛ. 326,1 986,6 1140,5 1188,9 1249,2 





Ɋɢɫɭɧɨɤ 6.2  – ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ. ɪɭɛ 
 
6.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №92 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.») 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 
ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
4. ɂ ɬ.ɞ. 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ: 
ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», ɭɬɜɟɪɠɞɟɧɧɵɯ 
ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. № 54 ɧɚ ɨɫɧɨɜɚɧɢɢ 
Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24-16-1/20-113; 
ɛ)«Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɟɞɌɗɈ ɢ ɌɗɈ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 
31.03.2008ɝ № 155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. №24-16-1/20-113. 
ɜ)ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №92 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.» 
Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 





















Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 
1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ ɉɚɬɨɦɫɤɨɣȽɗɋ ɫɨɫɬɚɜɥɹɟɬ 20ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2016 ɝɨɞɚ. 
3) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 
 
6.6 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.8. 
 
Ɍɚɛɥɢɰɚ 6.8-ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «ɉɚɬɨɦɫɤɚɹ Ƚɗɋ ɧɚ 
ɪɟɤɟ Ȼɨɥɶɲɨɣ ɉɚɬɨɦ» 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, % 11,60 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, 
ɦɟɫ 84 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 10515,97 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,74 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ*ɱ 0.048 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 75314,1 
 
6.7 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 






Ɍɚɛɥɢɰɚ 6.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 














112399.45 543956.91 581525.72 593260.61 622537.27 
 
6.8 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 
Ɍɢɩɵ ɪɢɫɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ: 
- ɪɵɧɨɱɧɵɟ - ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɤɚɩɢɬɚɥɶɧɵɟ - ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɭɞɚɱɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ, 
ɫɥɟɞɫɬɜɢɟɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɹ ɡɚɬɪɚɬ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ; 
- ɨɩɟɪɚɰɢɨɧɧɵɟ - ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɯɨɞɚ ɩɪɨɟɤɬɚ ɜ ɟɝɨ ɩɪɨɞɭɤɬɢɜɧɵɣ 
ɩɟɪɢɨɞ; 
- ɩɪɚɜɨɜɵɟ (ɩɨɥɢɬɢɱɟɫɤɢɣ, ɸɪɢɞɢɱɟɫɤɢɣ, ɫɭɜɟɪɟɧɧɵɣ) ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ ɩɪɚɜɨɜɨɣ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɢɡɧɟɫ; 
- ɮɢɧɚɧɫɨɜɵɟ (ɩɪɨɰɟɧɬɧɵɣ, ɜɚɥɸɬɧɵɣ) - ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɨɛɦɟɧɧɵɯ ɢ 
ɩɪɨɰɟɧɬɧɵɯ ɫɬɚɜɨɤ ɧɚ ɮɢɧɚɧɫɨɜɵɯ ɪɵɧɤɚɯ. 
ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵ ɞɥɹ ɩɪɨɟɤɬɚ ɪɵɧɨɱɧɵɟ, ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɨɩɟɪɚɰɢɨɧɧɵɟ 
ɪɢɫɤɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɢɧɚɧɫɨɜɨɣ ɦɨɞɟɥɢ 
ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɪɢɫɤɚɦ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.10. 
 
Ɍɚɛɥɢɰɚ 6.10 - Ɋɢɫɤɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɮɢɧɚɧɫɨɜɨɣ ɦɨɞɟɥɢ 
Ɋɢɫɤ ɉɚɪɚɦɟɬɪɵ ɮɢɧɚɧɫɨɜɨɣ ɦɨɞɟɥɢ 
Ɋɵɧɨɱɧɵɣ Ɉɛɴɟɦ ɩɪɨɞɚɠ 
Ʉɚɩɢɬɚɥɶɧɵɣ Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 
Ɉɩɟɪɚɰɢɨɧɧɵɣ Ɉɩɟɪɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ 
94 
 
Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ - ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 
ɚ) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) Ɉɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ; 
ɜ) ɐɟɧɚ ɫɛɵɬɚ; 
ɂɡɦɟɧɟɧɢɹ PI ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.3 
 
 
Ɋɢɫɭɧɨɤ 6.3 - ɂɡɦɟɧɟɧɢɟPI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 
ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ –ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 
          ɇɚ ɪɢɫɭɧɤɟ 6.4 – 6.6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɭɦɦɚ 
 
 Ɋɢɫɭɧɨɤ 6.4-ɋɭɦɦɚ PIɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ ɢɧɜɟɫɬɢɰɢɣ 






























 Ɋɢɫɭɧɨɤ 6.5-ɋɭɦɦɚ PIɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 
ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɰɟɧɵ ɫɛɵɬɚ –ɭɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 
 
 































7. ɋɬɚɪɟɧɢɟ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
 
Ȼɟɬɨɧɧɵɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ ɢ ɢɯ ɨɫɧɨɜɚɧɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɨɰɟɫɫɚɦ ɫɬɚɪɟɧɢɹ. ɗɬɢ ɩɪɨɰɟɫɫɵ 
ɨɯɜɚɬɵɜɚɸɬ ɤɚɤ ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɚ-ɨɫɧɨɜɚɧɢɟ ɜ ɰɟɥɨɦ, ɬɚɤ ɢ ɦɚɬɟɪɢɚɥɵ 
ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɯ ɨɫɧɨɜɚɧɢɣ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ. 
ɋɬɚɪɟɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɰɟɥɨɦ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɢɡɦɟɧɟɧɢɢ 
ɯɚɪɚɤɬɟɪɚ ɢɯ ɫɬɚɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ, ɫɬɚɪɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɫɨɨɪɭɠɟɧɢɹ - ɜ 
ɢɡɦɟɧɟɧɢɢ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜɟɞɭɳɢɯ ɤ. ɩɨɬɟɪɟ ɩɪɨɱɧɨɫɬɢ ɢ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɢ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ. 
Ȼɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ 
ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɩɨɜɪɟɠɞɟɧɢɣ*: 
- ɤɨɪɪɨɡɢɹ ɛɟɬɨɧɚ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɤɨɧɬɚɤɬɨɦ ɫ ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɣ ɢɥɢ 
ɮɢɥɶɬɪɚɰɢɟɣ ɜɨɞɵ; 
- ɪɚɡɪɭɲɟɧɢɟ ɛɟɬɨɧɚ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜɫɥɟɞɫɬɜɢɟ ɤɚɜɢɬɚɰɢɢ 
ɢɥɢ ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɨɫɚ, ɱɚɫɬɨ ɫɨɱɟɬɚɸɳɟɝɨɫɹ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɡɚɦɨɪɚɠɢɜɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ; 
- ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɬɨɧɚ ɜɨ ɜɪɟɦɟɧɢ 
- ɪɚɫɤɪɵɬɢɟ ɲɜɨɜ ɜɫɥɟɞɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɞɪɭɝɢɯ ɜɨɡɞɟɣɫɬɜɢɣ 
(ɩɪɨɫɚɞɤɢ ɨɫɧɨɜɚɧɢɹ, ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɢ ɞɪ.); 
- ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
- ɪɚɡɪɭɲɟɧɢɟ ɛɟɬɨɧɚ ɜ ɡɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ 
ɇɚɪɭɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɧɟɝɚɬɢɜɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ ɢ ɚɜɚɪɢɹɦ. Ɇɧɨɝɢɟ ɛɟɬɨɧɧɵɟ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ (ȽɌɋ) ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɧɚɯɨɞɹɬɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ (30 ɥɟɬ ɢ ɛɨɥɟɟ), ɱɬɨ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢɯ 
ɫɨɫɬɨɹɧɢɹ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɩɨ ɦɟɪɟ ɫɬɚɪɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɚ 
ɜɨɡɪɚɫɬɚɬɶ. 
 
7.1 Ɇɟɬɨɞɵ ɩɨɜɵɲɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
 
Ɍɚɛɥɢɰɚ 7.1 – Ɉɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɧ ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɢɟɦɵ ɩɪɨɞɥɟɧɢɹ ɪɟɫɭɪɫɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ 
ɋɩɨɫɨɛ ɩɪɨɞɥɟɧɢɹ ɪɟɫɭɪɫɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɫɨɨɪɭɠɟɧɢɹ 















ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7.1 
ɋɩɨɫɨɛ ɩɪɨɞɥɟɧɢɹ ɪɟɫɭɪɫɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɫɨɨɪɭɠɟɧɢɹ 




















ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɢ 




ɛ) ɭɬɹɠɟɥɟɧɢɟ ɝɪɟɛɧɹ 
ɩɥɨɬɢɧɵ; 
Ɍɨ ɠɟ 
ɜ) ɩɪɢɝɪɭɡɤɚ ɧɢɡɨɜɨɣ 
ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɩɭɬɟɦ 
ɨɬɫɵɩɤɢ ɝɪɭɧɬɨɜɨɣ ɩɪɢɡɦɵ; 
ɍɜɟɥɢɱɟɧɢɟ 
ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɜ ɪɚɫɱɟɬɧɵɯ ɫɟɱɟɧɢɹɯ 
ɩɥɨɬɢɧɵ. ɍɜɟɥɢɱɟɧɢɟ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ 















ɛɟɬɨɧɚ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ; 
ɍɜɟɥɢɱɟɧɢɟ 
ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɢ 















Ɍɟɯɧɢɱɟɫɤɢɣ ɩɪɢɟɦ Ⱦɨɫɬɢɝɚɟɦɵɣ 
ɷɮɮɟɤɬ 
 
ɟ) ɭɜɟɥɢɱɟɧɢɟ ɜɵɫɨɬɵ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 










ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɜ 
ɩɪɨɥɟɬɟ ɤɨɧɫɬɪɭɤɰɢɢ. 
ɋɧɢɠɟɧɢɟ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 
ɚ) ɭɫɬɪɨɣɫɬɜɨ 
ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɝɨ ɷɤɪɚɧɚ 






















ɤɨɧɬɚɤɬɭ ɩɥɨɬɢɧɵ ɫ 
ɨɫɧɨɜɚɧɢɟɦ. 
ɍɜɟɥɢɱɟɧɢɟ 









ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ; 
ɋɧɢɠɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɫɱɟɬɧɵɯ 
ɫɟɱɟɧɢɹɯ ɩɥɨɬɢɧɵ. 





ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɢ 
ɫɧɢɠɟɧɢɟ ɢɯ ɧɚ ɧɢɡɨɜɨɣ 
ɝɪɚɧɢ. 
ɍɜɟɥɢɱɟɧɢɟ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ 
ɫɞɜɢɝ. 
ɠ) ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ 
ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ; 
Ɍɨ ɠɟ 
ɡ) ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɟɣ 








ɉɪɢ ɨɛɫɥɟɞɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɭɡɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɜɫɥɟɞɫɬɜɢɟ ɫɬɚɪɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɪɟɫɭɪɫ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢɥɢ ɭɠɟ 
ɢɫɱɟɪɩɚɧ, ɢɥɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɱɟɪɩɚɧ ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɛɟɬɨɧɧɵɦ ɩɥɨɬɢɧɚɦ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɨɨɪɭɠɟɧɢɹ ɧɟ ɨɬɜɟɱɚɸɬ ɬɪɟɛɨɜɚɧɢɹɦ 
ɨɛɳɟɣ ɩɪɨɱɧɨɫɬɢ, ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɧɨɪɦɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
           Ɉɛɠɚɬɢɟ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɯ ɬɹɝ. 
ɗɬɨɬ ɫɩɨɫɨɛ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ, ɟɫɥɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ 
ɩɥɨɬɢɧɵ ɢ ɧɚ ɟɟ ɤɨɧɬɚɤɬɟ ɫ ɨɫɧɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɧɨɪɦ ɢ ɬɪɟɛɭɟɬɫɹ ɩɨɜɵɫɢɬɶ ɭɪɨɜɟɧɶ ɫɠɢɦɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɢ ɧɚ ɤɨɧɬɚɤɬɟ ɟɟ ɫ ɨɫɧɨɜɚɧɢɟɦ ɢ ɫɧɢɡɢɬɶ ɧɚ 
ɧɢɡɨɜɨɣ ɝɪɚɧɢ. ɋɩɨɫɨɛ ɦɨɠɟɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɟɧ ɞɥɹ ɩɥɨɬɢɧ ɜɵɫɨɬɨɣ ɞɨ 60 ɦ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ. 
ɍɬɹɠɟɥɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ. ɍɤɚɡɚɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɢɟɦ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɩɥɨɬɢɧ ɜɵɫɨɬɨɣ ɞɨ 60 ɦ. Ⱦɨɫɬɢɝɚɟɦɵɣ ɩɪɢ ɷɬɨɦ ɷɮɮɟɤɬ ɬɨɬ 
ɠɟ, ɱɬɨ ɢ ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɨɛɠɚɬɢɢ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɟɝɨ 
ɩɟɪɟɞ ɧɢɦ ɫɨɫɬɨɢɬ ɜ ɨɬɫɭɬɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧ, ɩɨɞɬɹɝɢɜɚɧɢɹ 
ɚɧɤɟɪɨɜ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɥɸɛɵɯ 
ɨɫɧɨɜɚɧɢɹɯ. 
           ɐɟɦɟɧɬɚɰɢɹ ɦɟɠɫɟɤɰɢɨɧɧɵɯ ɲɜɨɜ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɩɥɨɬɢɧ. Ⱦɚɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɢɟɦ ɷɮɮɟɤɬɢɜɟɧ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɩɥɨɬɢɧ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɭɡɤɨɦ ɫɬɜɨɪɟ ɫɨ ɫɤɚɥɶɧɵɦ ɨɫɧɨɜɚɧɢɟɦ - ɫ ɨɬɧɨɲɟɧɢɟɦ ɩɪɨɥɟɬɚ ɤ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ 
ɧɟ ɛɨɥɟɟ 5,0. Ɉɛɟɫɩɟɱɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ ɫɨɨɪɭɠɟɧɢɹ ɛɥɚɝɨɩɪɢɹɬɧɨ 
ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɟɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɟɟ 
ɩɪɨɱɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
 
7.2 Ɋɚɡɪɭɲɟɧɢɟ ɛɟɬɨɧɚ ɜ ɡɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ 
 
Ɋɚɫɫɦɨɬɪɢɦ ɩɨ ɩɨɞɪɨɛɧɟɟ ɪɚɡɪɭɲɟɧɢɟ ɛɟɬɨɧɚ ɜ ɡɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ. 
ȼɦɟɫɬɟ ɫ ɜɨɡɪɨɫɲɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɥɨɬɢɧ, ɧɨɜɵɦ 
ɜɡɝɥɹɞɚɦ ɧɚ ɫɨɫɬɨɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɞɪɭɝɢɦ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɜɨɩɪɨɫɵ ɪɟɦɨɧɬɚ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨɞɨɧɚɩɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫɬɚɥɢ ɨɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɜ ɩɥɚɧɟ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɪɚɡɪɭɲɟɧɢɹ ɛɟɬɨɧɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɩɨɩɟɪɟɦɟɧɧɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟ ɧɚ ɫɬɟɧɤɢ 
ɩɨɪ ɢ ɦɢɤɪɨɬɪɟɳɢɧ ɜ ɛɟɬɨɧɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴёɦɚ ɜɨɞɵ 
ɛɨɥɟɟ ɱɟɦ ɧɚ 9% ɩɪɢ ɟɟ ɡɚɦɟɪɡɚɧɢɢ. Ⱦɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦ ɩɪɨɰɟɧɬɨɦ 
ɚɪɦɢɪɨɜɚɧɢɹ ɪɚɡɪɭɲɟɧɢɟ ɛɟɬɨɧɚ ɨɬ ɩɟɪɟɦɟɧɧɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ 
ɨɬɬɚɢɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɭɸ ɨɩɚɫɧɨɫɬɶ:  
1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢɹ ɛɟɬɨɧɚ ɜ ɝɥɭɛɢɧɭ ɤɨɧɫɬɪɭɤɰɢɢ ɫɧɢɠɚɟɬɫɹ 
ɟɟ ɪɚɫɱёɬɧɨɟ ɫɟɱɟɧɢɟ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɧɢɠɟɧɢɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ.  
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2. ɋɧɢɠɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ, ɩɨɞɜɟɪɠɟɧɧɨɝɨ ɩɨɩɟɪɟɦɟɧɧɨɦɭ 
ɡɚɦɨɪɚɠɢɜɚɧɢɸ ɢ ɨɬɬɚɢɜɚɧɢɸ.  
3. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢɹ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɢɦɟɟɬ ɦɟɫɬɨ ɤɨɪɪɨɡɢɹ 
ɚɪɦɚɬɭɪɵ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɫɧɢɠɟɧɢɸ ɪɚɛɨɱɟɝɨ ɫɟɱɟɧɢɹ ɚɪɦɚɬɭɪɵ ɢ ɫɧɢɠɟɧɢɸ 
ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɟɟ ɷɥɟɦɟɧɬɨɜ.  
Ƚɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɛɟɬɨɧɚ ɜ ɡɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ (Ɂɉɍ) ɦɨɠɟɬ 
ɞɨɫɬɢɝɚɬɶ ɞɨ 0,5ɦ, ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɟё ɜɵɫɨɬɟ ɢ ɩɪɨɬɹɠёɧɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɡɨɧɭ 
ɪɟɦɨɧɬɚ ɧɟɥɶɡɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ «ɦɟɫɬɧɨɟ ɲɟɥɭɲɟɧɢɟ», ɷɬɨ ɪɚɡɪɭɲɟɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ.  
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɪɟɦɨɧɬɭ ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ ɜɵɬɟɤɚɟɬ ɢɡ ɬɨɝɨ, ɱɬɨ 
ɢɦɟɸɳɢɟɫɹ ɞɟɮɟɤɬɵ ɜ ɜɢɞɟ ɪɚɤɨɜɢɧ, ɬɪɟɳɢɧ, ɩɪɨɬɟɱɟɤ ɜɨɞɵ, ɤɨɪɪɨɡɢɢ ɛɟɬɨɧɚ ɢ 
ɚɪɦɚɬɭɪɵ ɧɚ ɪɹɞɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɨɫɨɛɟɧɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ  ɛɨɥɟɟ 40 ɥɟɬ, ɞɨɫɬɢɝɥɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɩɪɟɩɹɬɫɬɜɭɸɬ 
ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɪɭɠɟɧɢɹ. Ʉɪɢɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɧɟɤɨɬɨɪɵɯ 
ɞɟɮɟɤɬɨɜ ɬɪɟɛɭɟɬ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ 
ɪɚɛɨɬ.  
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɬɫɭɬɫɬɜɭɟɬ ɧɨɪɦɚɬɢɜɧɵɣ ɞɨɤɭɦɟɧɬ ɧɚ ɨɰɟɧɤɭ 
ɫɨɫɬɨɹɧɢɹ ɢ ɪɟɦɨɧɬ Ɂɉɍ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ (ȽɌɋ). Ɋɟɦɨɧɬ ɛɟɬɨɧɧɵɯ 
ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ȽɌɋ ɩɪɨɜɨɞɢɬɫɹ ɡɚɱɚɫɬɭɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɥɨ 
ɷɮɮɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɟɫɨɜɟɪɲɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫ ɧɢɡɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢ 
ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ. 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ ɫɥɟɞɭɸɳɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɟɦɵ ɢ ɫɩɨɫɨɛɵ ɪɟɦɨɧɬɚ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɟ ɪɚɡɪɭɲɟɧɢɹ 
ɛɟɬɨɧɚ ɜ ɡɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɜɨɞɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ:   
1. ɋɨɡɞɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɬɨɧɚ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɝɨ ɷɤɪɚɧɚ, 
ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɸ ɛɟɬɨɧɚ ɫɨɨɪɭɠɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɡɨɧɟ 
ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ, ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ. ɋɨɡɞɚɧɢɟ ɩɨɞɨɛɧɵɯ ɷɤɪɚɧɨɜ 
ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɦɧɨɝɨɫɥɨɣɧɵɯ ɝɟɨɤɨɦɩɨɡɢɬɧɵɯ ɉȼɏ ɦɟɦɛɪɚɧ, 
ɢɥɢ ɠɟ ɧɚɧɟɫɟɧɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɥɢɦɟɪɧɵɯ ɡɚɳɢɬɧɵɯ ɤɨɦɩɨɡɢɬɨɜ.  
2. ɋɨɡɞɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɬɨɧɚ ɫɥɨɹ ɢɡ ɝɢɞɪɨ-ɬɟɩɥɨɢɡɨɥɹɰɢɢ, ɤɨɬɨɪɵɣ 
ɨɛɟɫɩɟɱɢɬ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɥɨɠɢɬɟɥɶɧɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɛɟɬɨɧɧɨɝɨ ɦɚɫɫɢɜɚ, ɬɟɦ ɫɚɦɵɦ ɫɜɟɞɹ ɤ ɧɭɥɸ ɩɪɨɰɟɫɫ ɡɚɦɟɪɡɚɧɢɹ 
ɢɡɛɵɬɨɱɧɨɣ ɜɥɚɝɢ  ɜ ɛɟɬɨɧɟ ɢ ɟɝɨ ɪɚɡɪɭɲɟɧɢɸ. 
 
7.3 Ɍɟɯɧɨɥɨɝɢɹ ɪɟɦɨɧɬɚ ɛɟɬɨɧɚ ɫ ɫɨɡɞɚɧɢɟɦ ɡɚɳɢɬɧɨɝɨ ɷɤɪɚɧɚ ɢɡ 
ɝɟɨɤɨɦɩɨɡɢɬɧɨɣ ɉȼХ ɦɟɦɛɪɚɧɵ 
 
Ɍɟɯɧɨɥɨɝɢɹ ɪɟɦɨɧɬɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɪɚɧɟɧɢɟ ɤɪɭɩɧɵɯ ɞɟɮɟɤɬɨɜ, 
ɡɚɦɟɧɭ ɪɵɯɥɨɝɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɦɨɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɫɭɯɢɯ ɫɦɟɫɟɣ ɦɟɬɨɞɨɦ ɧɚɛɪɵɡɝɚ, ɢɥɢ ɪɭɱɧɵɦ ɧɚɧɟɫɟɧɢɟɦ ɢ ɫɨɡɞɚɧɢɟɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɡɚɳɢɬɧɨɝɨ ɝɢɞɪɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɷɤɪɚɧɚ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɟɝɨ 
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ɩɨɩɚɞɚɧɢɟ ɜɨɞɵ ɢ ɜɥɚɝɢ ɜ ɨɫɧɨɜɧɨɣ ɦɚɫɫɢɜ ɛɟɬɨɧɚ. Ɉɬɫɭɬɫɬɜɢɟ ɜɥɚɝɢ ɜ ɦɚɫɫɢɜɟ 
ɛɟɬɨɧɚ ɫɜɨɞɢɬ ɤ ɦɢɧɢɦɭɦɭ ɩɪɨɰɟɫɫɵ ɪɚɡɪɭɲɟɧɢɹ ɛɟɬɨɧɚ ɩɪɢ ɞɟɣɫɬɜɢɟ 
ɰɢɤɥɢɱɧɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɤɨɪɪɨɡɢɸ ɫɬɚɥɶɧɨɣ 
ɚɪɦɚɬɭɪɵ ɢ ɩɪɨɞɥɟɜɚɟɬ ɫɪɨɤ ɫɥɭɠɛɵ ɫɨɨɪɭɠɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 7.1 ɩɪɟɞɫɬɚɜɥɟɧ 
ɡɚɳɢɬɧɵɣ ɷɤɪɚɧ ɉȼɏ ɦɟɦɛɪɚɧɵ. 
  Ɋɢɫɭɧɨɤ 7.1 – Ɂɚɳɢɬɧɵɣ ɷɤɪɚɧ ɢɡ ɉȼɏ ɦɟɦɛɪɚɧɵ 
 
a. Ɍɟɥɨ ɩɥɨɬɢɧɵ  
b. ȼɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɣ ɷɤɪɚɧ ɢɡ ɝɟɨɤɨɦɩɨɡɢɬɚ  
c. ɋɬɚɥɶɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɪɨɮɢɥɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɢ 
ɫɛɨɪɚ ɞɪɟɧɚɠɧɵɯ ɜɨɞ ɢɡ ɝɟɨɤɨɦɩɨɡɢɬɚ.  
d. Ⱦɪɟɧɚɠɧɵɣ ɤɨɥɥɟɤɬɨɪ ɜ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ  
e. ȼɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɟ ɭɩɥɨɬɧɟɧɢɹ (ɤɪɟɩɥɟɧɢɟ ɩɨ ɩɟɪɢɦɟɬɪɭ)  
f. ɇɨɜɵɣ ɛɟɬɨɧɧɵɣ ɡɭɛ ɫ ɢɧɴɟɤɬɢɪɨɜɚɧɢɟɦ ɨɫɧɨɜɚɧɢɹ (ɨɩɰɢɨɧɚɥɶɧɨ)  
g. ȼɟɧɬɢɥɹɰɢɨɧɧɚɹ ɬɪɭɛɚ  
ȼɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɣ ɷɤɪɚɧ - ɷɬɨ ɝɟɨɤɨɦɩɨɡɢɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɝɢɛɤɨɣ 
ɧɟɩɪɨɧɢɰɚɟɦɨɣ ɉȼɏ ɝɟɨɦɟɦɛɪɚɧɵ, ɫɨɟɞɢɧɟɧɧɨɣ ɫ ɝɟɨɬɟɤɫɬɢɥɟɦ ɜɨ ɜɪɟɦɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. Ƚɟɨɦɟɦɛɪɚɧɚ ɭɫɬɨɣɱɢɜɚ ɤ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦɭ ɢɡɥɭɱɟɧɢɸ ɢ ɞɨɥɝɨ 
ɫɥɭɠɢɬ ɞɚɠɟ ɜ ɤɪɚɣɧɟ ɚɝɪɟɫɫɢɜɧɵɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɨɞɨɛɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ 
ɪɟɲɟɧɢɟ ɝɚɪɚɧɬɢɪɭɟɬ ɫɪɨɤ ɛɟɡɪɟɦɨɧɬɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɬɟɱɟɧɢɟ 30 ɥɟɬ.   
ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɡɨɧɟ 
ɩɟɪɟɦɟɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɜɨɞɵ, ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɜ 
ɡɨɧɟ ɨɫɧɨɜɧɵɯ ɪɚɡɪɭɲɟɧɢɣ ɛɟɬɨɧɚ ɦɟɠɞɭ ɨɬɦɟɬɤɚɦɢ ɤɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ, ɫ 
ɡɚɯɨɞɨɦ ɦɢɧɢɦɭɦ ɧɚ 0,5-1,0 ɦɟɬɪɚ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɢ ɧɚ 0,5-
1,0 ɦɟɬɪɚ ɧɢɠɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɛɶɟɮɚ. ɋ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɩɨɞɫɨɫɚ ɜɥɚɝɢ ɢɡ ɧɢɠɟɥɟɠɚɳɟɝɨ ɛɟɬɨɧɚ ɜ ɡɨɧɭ ɩɟɪɟɦɟɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚ, 
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ɭɫɬɪɚɢɜɚɟɬɫɹ ɫɩɥɨɲɧɚɹ ɢɧɴɟɤɰɢɨɧɧɚɹ ɨɬɫɟɱɤɚ, ɧɚ ɝɥɭɛɢɧɭ ɛɨɥɟɟ 1,0ɦ ɜ ɬɟɥɨ 
ɩɥɨɬɢɧɵ. 
ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ 
ɪɟɦɨɧɬɚ ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ȼɟɪɯɧɟɝɨ Ȼɶɟɮɚ (ȼȻ) ɩɪɢ ɧɚɥɢɱɢɢ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɝɥɭɛɢɧ ɢ ɞɚɜɥɟɧɢɣ ɜɨɞɵ.  ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɩɥɨɬɢɧɵ, ɫɬɟɧɤɢ 
ɩɨɞɜɨɞɹɳɢɯ ɤɚɧɚɥɨɜ ɢ ɩɪ. 
 
7.5 Ɋɟɦɨɧɬ ɪɚɡɪɭɲɟɧɢɣ ɛɟɬɨɧɚ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɡɨɧɟ ɩɟɪɟɦɟɧɧɨɝɨ 
ɭɪɨɜɧɹ ɜɨɞɵ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɝɢɞɪɨ- ɬɟɩɥɨɢɡɨɥɹɰɢ 
 
ɉɪɢɦɟɧɟɧɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɪɚɞɢɤɚɥɶɧɨ ɪɟɲɚɟɬ ɩɪɨɛɥɟɦɭ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, 
ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɭɫɬɪɚɧɹɟɬɫɹ ɨɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɪɚɡɪɭɲɟɧɢɹ — ɦɧɨɝɨɤɪɚɬɧɨɟ 
ɡɚɦɨɪɚɠɢɜɚɧɢɟ ɢ ɨɬɬɚɢɜɚɧɢɟ. ɋɭɳɧɨɫɬɶ ɫɩɨɫɨɛɚ ɬɟɩɥɨɝɢɞɪɨɢɡɨɥɹɰɢɢ ɫɨɫɬɨɢɬ ɜ 
ɭɫɬɪɨɣɫɬɜɟ ɜ ɩɪɟɞɟɥɚɯ ɡɨɧɵ ɩɟɪɟɦɟɧɧɨɝɨ ɭɪɨɜɧɹ ɡɚɳɢɬɧɨɝɨ ɩɨɹɫɚ. Ɇɚɬɟɪɢɚɥ ɢ 
ɬɨɥɳɢɧɚ ɩɨɹɫɚ ɜɵɛɢɪɚɸɬɫɹ ɫ ɬɚɤɢɦ ɪɚɫɱɟɬɨɦ, ɱɬɨɛɵ ɜ ɦɨɪɨɡɧɵɣ ɩɟɪɢɨɞ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɛɟɬɨɧɚ ɧɟ ɦɟɧɹɥɚ ɫɜɨɣ ɡɧɚɤ ɢɥɢ, ɜ ɤɪɚɣɧɟɦ 
ɫɥɭɱɚɟ, ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɵɦ. 
ɉɪɢɦɟɧɟɧɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɤɪɚɫɨɤ, ɩɟɧɨɩɥɚɫɬɨɜ, 
ɩɟɧɨɩɥɟɤɫɨɜ) ɪɚɫɫɱɢɬɚɧɨ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɡɨɧɵ ɢ ɝɥɭɛɢɧɵ ɩɪɨɦɟɪɡɚɧɢɹ ɛɟɬɨɧɚ, ɫ 
ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɢɫɤɥɸɱɟɧɢɟɦ ɩɨɩɚɞɚɧɢɹ ɜ ɛɟɬɨɧ ɜɥɚɝɢ, ɬɟɦ ɫɚɦɵɦ, ɢɫɤɥɸɱɚɹ 
ɩɪɨɰɟɫɫɵ ɪɚɡɪɭɲɟɧɢɹ ɛɟɬɨɧɚ ɜɫɥɟɞɫɬɜɢɟ ɦɨɪɨɡɧɨɣ ɞɟɫɬɪɭɤɰɢɢ. 
ɇɚ ɪɢɫɭɧɤɟ 7.2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ 
ɬɟɩɥɨɝɢɞɪɨɢɡɨɥɹɰɢɢ. 
 




        Ɍɟɯɧɨɥɨɝɢɹ ɪɟɦɨɧɬɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɪɚɧɟɧɢɟ ɤɪɭɩɧɵɯ ɞɟɮɟɤɬɨɜ, 
ɫɨɡɞɚɧɢɟ ɩɪɨɱɧɨɝɨ, ɪɨɜɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɪɟɦɨɧɬɧɨɝɨ ɭɱɚɫɬɤɚ,  
ɭɫɬɪɨɣɫɬɜɨ ɫɥɨɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɢɡ 
ɝɢɞɪɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɷɤɪɚɧɚ. ȼ ɤɚɱɟɫɬɜɟ ɝɢɞɪɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɷɤɪɚɧɚ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɚɥɥ, ɛɟɬɨɧ, ɩɨɥɢɦɟɪɧɵɟ ɩɨɤɪɵɬɢɹ. 
Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɟɮɟɤɬɧɵɯ ɭɱɚɫɬɤɨɜ ɛɟɬɨɧɚ ɢ ɫɨɡɞɚɧɢɹ ɪɨɜɧɨɝɨ ɢ ɩɪɨɱɧɨɝɨ 
ɨɫɧɨɜɚɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɪɟɦɨɧɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɧɚ ɨɫɧɨɜɟ ɝɨɬɨɜɵɯ ɫɭɯɢɯ ɫɦɟɫɟɣ, ɤɨɬɨɪɵɟ ɧɚɧɨɫɹɬɫɹ ɦɟɬɨɞɨɦ 
ɬɨɪɤɪɟɬɢɪɨɜɚɧɢɹ ɦɨɤɪɵɦ ɫɩɨɫɨɛɨɦ. Ⱦɚɥɟɟ ɧɚ ɩɨɞɝɨɬɨɜɥɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 
ɡɚɤɪɟɩɥɹɸɬɫɹ ɩɥɢɬɵ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɢɥɢ ɩɪɨɜɨɞɢɬɫɹ ɩɨɤɪɚɫɤɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɣ ɤɪɚɫɤɨɣ. Ⱦɥɹ ɡɚɳɢɬɵ ɫɚɦɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ 
ɭɫɬɪɚɢɜɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɷɤɪɚɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 
ɦɢɧɢɦɚɥɶɧɵɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɬɪɚɬɚɯ ɦɟɠɪɟɦɨɧɬɧɵɣ ɩɟɪɢɨɞ ɦɨɠɟɬ ɛɵɬɶ 
ɭɜɟɥɢɱɟɧ ɞɨ 25-30ɥɟɬ. 
Ɍɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɬɨɥɶɤɨ ɧɚɫɭɯɨ, ɡɚ ɜɪɟɦɟɧɧɵɦ 
































ɉɪɢ ɪɚɫɱɟɬɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɛɵɥɢ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ 
ɉɚɨɬɨɦɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ȼɨɥɶɲɨɣ ɉɚɬɨɦ.  
ɉɚɬɨɦɫɤɚɹ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɫɨɨɪɭɠɟɧɢɟɦ I ɤɥɚɫɫɚ. 
ȼ ɜɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɝɢɞɪɨɥɨɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ ɉɚɬɨɦɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 308 Ɇȼɬ. 
ɉɚɬɨɦɫɤɢɣ Ƚɍ  ɪɚɛɨɬɚɟɬ ɜ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɫɬɨɤɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɬɦɟɬɤɢ ɇɉɍ =322 ɦ, ɍɆɈ = 283 ɦ ɢ Ɏɉɍ = 323 ɦ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɧɹɥɢ ɤ 
ɭɫɬɚɧɨɜɤɟ ɬɭɪɛɢɧɭ ɊɈ 115 – ȼ , ɪɚɛɨɬɚɸɳɚɹ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ 71,40 ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ 112 ɦ. Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ ɩɪɢɧɹɥɢ ɪɚɜɧɵɦ 4. 
Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɩɪɢɧɹɬɚ ɩɪɢɩɥɨɬɢɧɧɚɹ. ɇɚɩɨɪɧɵɣ ɮɪɨɧɬ ɨɛɪɚɡɨɜɚɧ 
ɛɟɬɨɧɧɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɨɣ. 
ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɹ ɜɯɨɞɹɬ: 
ɫɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɞɥɢɧɧɨɣ 63 ɦ; 
ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɞɥɢɧɧɨɣ 31,5 ɦ; 
Ⱦɥɹ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ 
ɩɥɨɬɢɧɭ, ɩɪɢɧɹɥɢ ɧɨɫɨɤ – ɬɪɚɦɩɥɢɧ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ 
ɩɪɢɧɹɥɢ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ ɝɥɭɛɢɧɨɣ 66,3 ɦ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ.  
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɉɚɬɨɦɫɤɨɝɨ Ƚɍ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɨ ɞɥɹ ɷɧɟɪɝɟɬɢɤɟ ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɥɭɱɢɥɢ 
ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 6,4 ɝɨɞɚ; 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ ɫɨɫɬɚɜɥɹɟɬ-  10 515,431 ɦɥɧ.ɪɭɛ.; 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ – 0,048 Ʉȼɬ*ɱ; 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ  - 75314,52 ; 
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ȼɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 90% 
Ɍɚɛɥɢɰɚ Ⱥ.1 – ȼɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 90%  




Ʉɨɧ Zɫɪ Zɧɛ H Nɝɷɫ Nɝɚɪ 
11 84 2 0 48 132 134 134 3.35 0.12 3.23 321.00 318.94 319.97 211.19 107.67 129 
ɉɨ 
ɜɯɤ 
12 55 2 0 241 296 134 298 3.23 0.62 2.60 318.94 308.28 313.61 211.82 100.68 271 271 
1 46 2 0 288 334 134 336 2.60 0.75 1.85 308.28 296.23 302.25 211.96 89.18 271 271 
2 36 2 0 96 132 134 134 1.85 0.25 1.61 296.23 291.63 293.93 211.19 81.63 98 
ɉɨ 
ɜɯɤ 
3 18 2 0 114 132 134 134 1.61 0.30 1.31 291.63 284.71 288.17 211.19 75.87 91 
ɉɨ 
ɜɯɤ 
4 39 2 0 35 74 268 76 1.31 0.09 1.22 284.71 282.11 283.41 210.70 71.60 48 
ɉɨ 
ɜɯɤ 
5 457 2 0 -191 266 268 268 1.22 -0.50 1.71 282.11 293.74 287.93 211.52 75.29 182 
ɉɨ 
ɜɯɤ 
6 755 2 0 -297 458 268 460 1.71 -0.77 2.48 293.74 306.37 300.05 212.08 86.86 362 
ɉɨ 
ɜɯɤ 
7 438 2 0 -172 266 268 268 2.48 -0.45 2.93 306.37 313.86 310.11 211.52 97.48 235 
ɉɨ 
ɜɯɤ 
8 340 2 0 -74 266 268 268 2.93 -0.19 3.12 313.86 317.17 315.52 211.53 102.88 249 
ɉɨ 
ɜɯɤ 
9 316 2 0 -50 266 268 268 3.12 -0.13 3.25 317.17 319.38 318.27 211.53 105.64 256 
ɉɨ 
ɜɯɤ 






ȼɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 50% 
 
 
Ɍɚɛɥɢɰɚ Ȼ.1 – ȼɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 50%  




Ʉɨɧ Zɫɪ Zɧɛ H Nɝɷɫ Nɝɚɪ 
11 130 2 0 50 180 134 182 3.35 0.13 3.22 321.00 318.82 319.91 211.40 107.40 176 
ɉɨ 
ɜɯɤ 
12 70 2 0 257 327 134 329 3.22 0.67 2.55 318.82 307.48 313.15 211.94 100.10 298 271 
1 57 2 0 317 374 134 376 2.55 0.82 1.73 307.48 294.04 300.76 212.11 87.54 298 271 
2 54 2 0 87 141 134 143 1.73 0.23 1.51 294.04 289.50 291.77 211.23 79.43 102 
ɉɨ 
ɜɯɤ 
3 39 2 0 100 139 134 141 1.51 0.26 1.25 289.50 282.90 286.20 211.22 73.87 93 
ɉɨ 
ɜɯɤ 
4 70 2 0 10 80 268 82 1.25 0.03 1.22 282.90 282.13 282.52 210.74 70.66 52 
ɉɨ 
ɜɯɤ 
5 689 2 0 -200 489 268 491 1.22 -0.52 1.74 282.13 294.18 288.16 212.17 74.87 333 
ɉɨ 
ɜɯɤ 
6 773 2 0 -100 673 268 675 1.74 -0.26 2.00 294.18 298.60 296.39 212.77 82.51 505 
ɉɨ 
ɜɯɤ 
7 705 2 0 -211 494 268 496 2.00 -0.55 2.54 298.60 307.35 302.98 212.19 89.67 403 
ɉɨ 
ɜɯɤ 
8 705 2 0 -204 501 268 503 2.54 -0.53 3.07 307.35 316.33 311.84 212.21 98.52 449 
ɉɨ 
ɜɯɤ 
9 346 2 0 -56 290 268 292 3.07 -0.15 3.22 316.33 318.82 317.57 211.60 104.87 277 
ɉɨ 
ɜɯɤ 
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